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cycle. Methods for the inoculation of recipient plants by spraying with recombinant Agrobacterium suspensions containing the

constructs of interest are taught.
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METHODS AND COMPOSITIONS FOR EXPRESSING PROTEINS IN PLANTS

RELATED APPLICATIONS

5 This application claims the benefit of U.S. Provisional Patent Application No.

60/696,773, filed July 5, 2005, which is herein incorporated by reference in its entirety.

GOVERNMENT INTEREST

This invention was made with U.S. Government support under contract No. 2001-

38712-10592, awarded by the U.S. Department of Agriculture - Cooperative State Research,

10 Education, and Extension Service. The Government has certain rights in this Invention.

TECHNICAL FIELD

The invention relates to the field of producing gene products in plants. The invention

relates particularly to methods and compositions for enhancing the expression of foreign or

endogenous genes introduced into plants.

15 BACKGROUND OF THE INVENTION

The availability of expression systems for the production of valuable recombinant

proteins is an important issue in biotechnology. Some well-established expression systems to

produce recombinant proteins utilize Escherichia coli or yeast fermentation systems. Other

well-established expression systems involve mammalian cell systems, such as Chinese hamster

20 ovary cells or HEK293 cells, to produce recombinant proteins. Although these systems are

well-characterized and frequently utilized by researchers and industry, many of these systems

have specific shortcomings that limit their use in a variety of applications. For example,

bacteria cannot perform the complex post-translational modifications required for bioactivity of

many commercially valuable proteins expressed from human and mammalian genes. For

25 biological activity, many proteins of commercial and therapeutic interest require one or more

post-translational modifications including proteolytic cleavage, disulfide bond formation, P-

hydroxylation, y-carboxylation, and N-linked glycosylation. Proteins expressed at high levels in

bacterial expression systems frequently yield insoluble protein aggregates. On the other hand,

although mammalian expression systems are capable of performing complex post-translational

30 modifications required for the function of many human and mammalian proteins, mammalian

expression systems have difficulties reaching high levels of transgene expression. Additional

difficulties faced by researchers and industry using mammalian expression systems involve

difficulties in scale-up and cost.

1
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The use of plant expression systems has significant advantages compared to both

bacterial, yeast and mammalian expression systems. For example, plant expression systems are

easy to manipulate for introduction and expression of recombinant proteins. Plant expression

systems also possess unique characteristics for safety of the isolated recombinant proteins in that

5 plants do not serve as hosts or carriers of human pathogens. Thus, recombinant proteins that

have therapeutic or medicinal value when expressed in plants are free of possible product

contamination with human pathogens such as hepatitis or human immunodeficiency virus

(HIV). Modern agricultural methods are capable of production of plants on a large scale. Thus,

cost of production is one advantage realized with plant expression systems. Importantly, plant

10 expression systems are capable of eukaryotic protein processing, including proteolytic cleavage,

disulfide bond formation, P-hydroxylation, y-carboxylation, and N-linked glycosylation.

Tobacco (Nicotiana tabacum L.) is particularly well-suited for use as a bioreactor for production

of high-value recombinant proteins. Tobacco is one of the easiest plants to transform and it is

an excellent biomass producer.

15 Despite the distinct advantages of plant expression systems, their use for the production

of commercially valuable recombinant proteins, including recombinant proteins useful for

pharmaceutics, medical applications, vaccines, and industrial process, has been limited. For

example, attempts to express proteins in plants have been frustrated by induction of viral-

induced gene silencing or post-transcriptional gene silencing (PTGS) which has the effect of

20 decreasing or eliminating functional expression of the desired protein. It is also known that

plants express high levels of proteases in their cytoplasm or cytosolic compartments. The levels

of these proteases can vary significantly depending upon growth conditions and other stimuli.

The naturally occurring mixture of endogenous proteases in plants can make it difficult to

express recombinant proteins. Furthermore, many desirable recombinant proteins are highly

25 susceptible to degradation by plant proteases.

Many plant expression systems are based upon creation of stable transgenic plants. In

such systems, large numbers of independently transformed plants must be generated and

screened to identify those showing high-level, stable transgene expression. However, plant

expression systems that are based upon the creation of stable transgenic plants have potential

30 shortcomings limiting their use. The creation of stable transgenic plants is generally considered

to be time-consuming and unpredictable. Expression levels for a desired recombinant protein

can be highly variable due to genomic positional effects on the integrated transgenic construct.

The use of stable transgenic expression systems makes the routine expression of complex

mixtures of recombinant proteins particularly challenging. Thus, if the user requires the co-
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expression of two or more recombinant proteins, this can be achieved with current stable

transgenic technology only by either producing complex transgenic plants, or by the time-

consuming crossing of transgenic plants, each of which carries one of the transgenes of interest.

This process must be followed by screening for either complex transgenics or progeny of the

5 cross to identify plants that express all of the desired transgenic proteins. Finally, stable

transgenic expression systems may not be suitable for the expression of proteins that interfere

with the normal development of the plant.

What is needed are methods and compositions for expression of recombinant proteins in

plants that do not require the creation of stable transgenic plants and allows for the high level

10 expression of recombinant proteins. Ideally, plants should be made to express the desired

heterologous protein by spraying the construct onto the recipient plant, or by slight wounding of

the plant, followed by spraying. Methods and compositions are also required for a transient

expression system that minimizes the effects of PTGS on the expression of recombinant

proteins, decreases degradation of the recombinant proteins by cytosolic factors, and allows for

15 the simultaneous production of multiple recombinant proteins in a single plant.

SUMMARY OF THE INVENTION

The present invention comprises methods and compositions for the expression of

recombinant protein products in plants. Compositions of the present invention comprise a target

gene expression construct comprising a promoter operably linked to a target gene. In one

20 aspect, a gene encoding a transit peptide is placed in-frame at the 5' end of the gene encoding a

specific desired recombinant protein. In a further aspect, the transit peptide is a peptide

sequence capable of targeting the fusion protein into the chloroplasts. In another aspect, the

transit peptide is removed after translocation of the fusion protein into chloroplast. In another

aspect, a signal sequence is placed in-frame with the 5
5

terminus of the coding sequence, and

25 another sequence is placed in-frame with the 3
?

terminus of the coding sequence, resulting in the

production of a recombinant fusion protein that is retained in the endoplasmic reticulum of the

plant cell. In still another aspect, a signal sequence is placed in-frame with the 5' terminus of

the coding sequence, resulting in the production of a recombinant fusion protein that is targeted

to the plant apoplast.

30 Compositions of the present invention may comprise a PTGS suppressor construct

comprising a promoter operably linked to a suppressor gene, wherein the suppressor gene is

capable of suppressing post-transcriptional gene silencing ("PTGS"). In one aspect, a

suppressor of PTGS is Pl/HC-Pro protein encoded by a Pl/HC-Pro gene. In a further aspect, a

3
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Pl/HC-Pro gene is derived from tobacco etch virus. In another aspect, a Pl/HC-Pro element has

been altered so that plants expressing the product it encodes does not alter the plant phenotype

in a deleterious fashion. In another aspect, other suppressors of PTGS derived from other

viruses may be used in the compositions and methods taught herein for Pl/HC-Pro or modified

5 Pl/HC-Pro elements or in methods and compositions known to those skilled in the art. In

another aspect, other suppressors of PTGS derived from plants can be used in place of the

Pl/HC-Pro or modified Pl/HC-Pro elements.

In one aspect, a target gene expression construct, a PTGS suppressor construct, or both

constructs may comprise a viral amplicon.

10 The present invention comprises methods for the introduction into plant cells of at least

one expression construct. In one aspect, at least one target gene expression construct is

introduced into a transgenic plant comprising a PTGS suppressor construct. In another aspect,

at least one target gene expression construct is introduced into a transgenic tobacco plant. In a

further aspect, at least one target gene expression construct is introduced into a TEV-B

15 transgenic line of Nicotiana tabacum cv. 'Xanthi' that expresses a form of Pl/HC-Pro.

The present invention comprises methods for simultaneously introducing into plant cells

at least one target gene expression construct and at least one PTGS suppressor construct. In one

aspect, agroinfiltration is used to introduce at least one target gene expression construct and at

least one PTGS suppressor construct into plant cells. In a further aspect, agroinfiltration is

20 carried out using one Agrobacterium strain comprising at least one target gene expression

construct mixed with a second Agrobacterium strain comprising a PTGS suppressor construct.

In one aspect, the methods of the present invention comprise harvesting plant tissue

comprising the target protein, wherein the plant tissue is harvested at about 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,

25 35, 36, 37, 38, 39, 40, 41, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,

59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,

84, 85, 86, 87, 88, 89 and 90 days or longer after introduction of the target gene expression

construct into plant cells.

The present invention further comprises methods for the mass introduction of the

30 expression and suppressor constructs into plants. These methods are suitable for use in

applications requiring introduction of at least one target gene expression construct, at least one

PTGS suppressor construct, or at least one target gene expression construct and at least one

PTGS suppressor construct into plants grown in greenhouses and as crops under cultivation.
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Further, the methods of the present invention may be adapted to mechanized methods for use

with crops under cultivation, In one aspect of the invention, Agrobacterium suspensions

harboring a genetic construct of interest are delivered into a recipient plant by slightly wounding

the plant followed by spraying the plant with the Agrobacterium suspension. In another aspect

5 of the invention, Agrobacterium suspensions harboring a genetic construct of interest are

delivered into a recipient plant by spraying the plant with the Agrobacterium suspension,

without the need for wounding of any plant tissue.

Other features and advantages of the present invention will become apparent from the

following detailed description. It should be understood, however, that the detailed description

10 and the specific examples, while indicating the preferred embodiments of the present invention,

are given by way of illustration only, since various changes and modifications within the spirit

and scope of the present invention will become apparent to those skilled in the art from this

detailed description.

DESCRIPTION OF FIGURES

15 Figure 1 is a schematic diagram of an exemplary amplicon construction suitable for expression

of recombinant proteins in plants in accordance with one embodiment of the present invention.

Figure 2 shows a nucleotide sequence encoding a chloroplast transit peptide (SEQ ID NO. 1).

Figure 3 shows a peptide sequence coding for a chloroplast transit peptide (SEQ ID NO. 2).

Figure 4 shows the nucleotide sequence for the vcp gene with codons optimized for expression

20 in plant cells (SEQ ID NO. 3).

Figure 5 shows a modified tobacco etch virus (TEV) nucleotide sequence for ER/apoplast

targeting in tobacco plant cells (the KDEL sequence, SEQ ID NO. 4).

Figure 6 shows a modified TEV peptide sequence for ER/apoplast targeting in tobacco plant

cells (the KDEL sequence, SEQ ID NO. 5).

25 Figure 7 shows a modified tobacco nucleotide sequence for ER/apoplast targeting in tobacco

plant cells (the SP sequence, SEQ ID NO. 6).

Figure 8 shows a modified tobacco peptide sequence for ER/apoplast targeting in tobacco plant

cells (the SP sequence, SEQ ID NO. 7).

DETAILED DESCRIPTION OF THE INVENTION

30 As used herein and in the appended claims, the singular forms "a,"
n
an,

,f and "the"

include plural references, unless the content clearly dictates otherwise. Thus, for example,
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reference to "a plant" includes a plurality of such plants and equivalents thereof known to those

skilled in the art, and reference to "the polypeptide" is a reference to one or more such

polypeptides and equivalents thereof known to those skilled in the art, and so forth. All

publications, patent applications, patents, and other references mentioned herein are

5 incorporated by reference in their entirety.

The present invention comprises methods and compositions for the expression of

recombinant proteins in plant cells. In particular, the compositions of the present invention

comprise an expression system comprising at least one target gene expression construct and at

least one PTGS suppressor construct. A target gene expression construct may comprise a

10 promoter operably linked to a target gene constructs. In one aspect, a target gene expression

construct may further comprise linking a target gene in frame with a gene encoding a peptide

capable of directing the target protein to a specific subcellular compartment in plant cells. A

PTGS suppressor construct may comprise a promoter operably linked to a gene encoding a

suppressor of post-transcriptional gene silencing (PTGS).

15 The present invention is useful for and comprises compositions and methods for

enhanced expression of recombinant polypeptides that may be normally unstable in plants due

to sensitivity to cytosolic proteases or other factors confounding high level expression of protein

in the cytosolic compartment of plant cells. By "enhanced expression" it is intended that

expression of a target protein is increased over expression levels observed in conventional

20 transgenic lines for heterologous sequences and over endogenous levels of expression for

homologous sequences and as compared to expression in expression systems for recombinant

proteins where expression of the recombinant target protein is subject to PTGS. It is to be

understood that heterologous or exogenous sequences comprise sequences that do not occur in

the plant of interest in its native state. Homologous or endogenous sequences are those that are

25 natively present in the plant genome. Generally, expression of the target sequence is increased

at least about 10%-50%, about 50%-100%, about 100%-200%, and greater than 200%. Unless

otherwise indicated, "polypeptide" shall include a protein, polypeptide, or peptide, and any

fragment or variant or derivative thereof having polypeptide function.

The present invention comprises methods for the introduction of at least one target gene

30 construct into plant cells. In one aspect, methods comprise introducing a target gene expression

construct into plant cells simultaneously with one or more PTGS suppressor constructs. In

another aspect, a target gene expression construct may be introduced into plant cells in no

particular order with one or more PTGS suppressor constructs. In another aspect, a target gene

expression construct may be introduced into plant cells after at least one PTGS expression
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construct is introduced into the plant cells. In a further aspect, a target gene expression

construct is introduced into a transgenic plant, wherein the transgenic plant comprises at least

one PTGS suppressor that is stably integrated into the transgenic plant genome.

The present invention comprises methods for bulk introduction of an expression system

5 into plant cells. The methods and compositions for bulk introduction of an expression system of

the present invention are suitable for both manual and mechanized application systems. In one

aspect, the present invention comprises methods and compositions for bulk introduction of an

expression system into stems, leaves, and whole plants, including plants grown in test plots,

greenhouses, growth chambers and acreage under commercial cultivation. In another aspect, the

10 present invention comprises methods for bulk introduction into of an expression system of the

present invention wherein the target plant is slightly damaged by mechanical means, followed

by spraying onto the plant a suspension of one or more Agrobacterium strains comprising one or

more expression constructs and one or more suppression constructs. In one embodiment, at

least one surface of leaves of a target plant are slightly damaged by at least one or more methods

15 comprising abrasion, contusion, scratching, cutting or piercing, followed by spraying onto the

plant a suspension of one or more Agrobacterium strains comprising one or more target gene

expression constructs and one or more PTGS suppressor constructs. In another aspect, the

present invention comprises methods for bulk introduction into of an expression system of the

present invention wherein the target plant is not damaged prior to spraying onto the plant a

20 suspension of one or more Agrobacterium strains comprising one or more expression constructs

and one or more suppression constructs. In this embodiment, constructions are delivered to the

recipient plant by spraying onto the plant a suspension of one or more Agrobacterium strains

comprising one or more target gene expression constructs and one or more PTGS suppressor

constructs.

25 The present invention is directed to methods for the introduction of an expression system

of the present invention into plant cell culture systems, plant callus systems, embryonic plant

cells, plant zygotic cells, and seeds. In one aspect, the present invention comprises methods for

introduction of an expression system into plant cell culture systems.

As used herein, the term "plant" includes reference to whole plants, plant parts or organs

30 (e.g., leaves, stems, roots, etc.), plant cells, seeds and progeny of same. "Plant cell", as used

herein, further includes, without limitation, cells obtained from or found in: seeds, suspension

cultures, embryos, meristematic regions, callus tissue, leaves, roots, shoots, gametophytes,

sporophytes, pollen, and microspores. Plant cells can also be understood to include modified

cells, such as protoplasts, obtained from the aforementioned tissues. The class of plants which
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can be used in the methods of the invention is generally as broad as the class of higher plants

amenable to transformation techniques, including both monocotyledonous and dicotyledonous

plants.

As used herein, "chloroplast" is intended to include the various forms of plastids

5 including, but not limited to, chloroplasts, amyloplasts, proplastids, leucoplasts, chromoplasts,

and etioplasts.

As used herein, "encoding" or "encoded", with respect to a specified nucleic acid, is

intended to mean comprising the information for translation into the specified protein. A nucleic

acid encoding a protein may comprise non-translated sequences (e. g., introns) within translated

10 regions of the nucleic acid, or may lack such intervening non-translated sequences (e.g., as in

cDNA). The information by which a protein is encoded is specified by the use of codons.

As used herein, "transformation" refers to the process of introducing DNA into a cell.

Other terms used herein to refer to the introduction of DNA into a cell included "transformed

host cell" or "transformed cell", referring to a cell into which DNA has been introduced, and

15 "transformed", referring to the state of a cell after introduction of DNA into the cell. The

introduced DNA is usually in the form of a vector containing an inserted piece of DNA. The

introduced DNA sequence may be from the same species as the host cell or from a different

species from the host cell, or it may be a hybrid DNA sequence, containing some foreign DNA
and some DNA derived from the host species. In one aspect, the introduced DNA is an

20 expression construct.

As used herein, "expression construct" is intended to mean a nucleic acid construct

comprising at least one promoter operably linked to at least one target gene and any additional

nucleic acid sequences as may be required for the production and use of the construct,

particularly such nucleic acid sequences as may be required for the use of the nucleic acid

25 construct into plant cells. The expression constructs of the present invention may be any of the

several types known to one skilled in the art, including, but not limited to, plasmid vectors,

viral-derived plasmids, including amplicons, and viral-based vectors.

As used herein, "amplicon" refers to an expression construct wherein a target gene or

suppressor gene has been inserted into the cDNA of at least part of viral genome, wherein the

30 cDNA of at least part of a viral genome has been operably linked to a promoter.

It is to be understood that an expression construct following transformation may reside

in the cell in one or more subcellular locations, including, but not limited to, the cytosol, the

nucleus, chloroplasts, and mitochondria. The specific subcellular location or locations of an
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expression construct in the cell following transformation is not believed to be critical to the

function of the present invention. In one aspect, the expression construct may integrate into the

host cell chromosomal DNA. In another aspect, the expression construct may remain distinct

and not integrated into the host cell chromosomal DNA. In a further aspect, a fraction of the

5 population of expression constructs introduced into the host cell may be integrated into the host

cell chromosome and another fraction found in the nucleus and cytosol. However, it is not

critical to know the integration status of the expression with respect to the chromosomal DNA
of the host cell, nor is the integration status critical to the practice of the present invention.

As used herein, "operably linked" is intended to mean a functional linkage between two

10 nucleic acid sequences. In one aspect, two DNA sequences such as a promoter and a second

sequence may be operably linked, wherein the promoter sequence initiates and mediates RNA
transcription from the second sequence. In another aspect, two DNA sequences wherein each

sequence encodes a peptide, polypeptide or proteins may be operably linked, wherein the two

DNA sequences are linked such that the reading frames of the two DNA sequences are in the

15 same reading frame.

As used herein, "post-transcriptional gene silencing" or
UPTGS" refers to the silencing

of either exogenous or endogenous gene sequences introduced into a plant cell. It should be

understood that silencing refers to a degree of reduction of production of an encoded gene

product that may vary from partial to total reduction of production. Therefore, PTGS should not

20 be taken to require complete "silencing" or elimination of production of the encoded gene

product. While not wishing to be bound by any particular theory, PTGS is often understood to

refer to a sequence specific RNA degradation mechanism and is a fundamental regulatory

mechanism operating in diverse types of organisms.

As used herein, "PTGS suppressor construct" refers to an expression construct

25 comprising at least one promoter operably linked to at least one gene that is a suppressor of

PTGS.

As used herein, "target gene expression construct" refers to an expression construct

comprising at least one promoter operably linked to at least one target gene.

As used herein, "target gene" comprises a DNA sequence encoding a specific functional

30 product such as a protein, a RNA molecule or a nucleic acid sequence, wherein target gene

comprises an exogenous or endogenous gene sequence of interest, which may be a naturally

occurring gene, a synthetic gene, or a variant thereof. It is to be understood that a RNA
molecule encoded by a target gene may comprise an mRNA molecule which may be translated
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into a target protein. It is to be further understood that a target gene may encode a RNA
molecule which is not translated into a target protein, but is a RNA molecule that may comprise

functions such as iRNA, suppressor RNA, tRNA, rRNA, or other functional RNA molecule.

As used herein, "target protein" comprises any peptide, polypeptide, or protein sequence

5 that is encoded by a target gene. As used in the present invention, the term "recombinant target

protein" and "target protein" may be used interchangeably and with the same meaning and

effect, unless specifically specified otherwise.

Expression constructs of the present invention may comprise plant viruses to introduce

and express non-viral foreign genes in plants (as taught, for example, in U.S. Patent No.

10 4,855,237 and WO 9534668). In one aspect, the genome or portions of the genome of a plant

virus can first be cloned into a bacterial plasmid for ease in constructing the desired viral vector

with the foreign DNA. If the virus is an RNA virus, the viral RNA is generally cloned as at least

one cDNA and inserted into a plasmid. The DNA plasmid may then be used to deliver the

required constructions into a recipient plant or plant cell. An RNA virus may then produced by

15 transcribing, in whole or in part as required, at least one viral sequence inserted into the plasmid

and translation of one or more viral genes to produce proteins, including coat protein(s)

encapsidating a viral RNA.

Expression constructs of the present invention may comprise amplicons. Suitable

amplicons are taught, for example, in Sablowski et al. (1995) and Angell and Baulcombe,

20 (1997), as well as taught in U.S. Patent Nos. 6,635,808, 6,395,962, 5,939,541 and U.S. Patent

Application Nos. 2004/0268441 and 2004/0078844. In one aspect, an amplicon comprises the

cDNA of the complete genome of potato virus X ("PVX"). In another aspect, the amplicon

comprises the cDNA of at least a portion of the genome of PVX. In a further aspect, the

amplicon comprises the PVX genes encoding an RNA-dependent RNA polymerase, the "triple

25 gene block genes" encoding the movement proteins 25, 12, and 8 kDa, and the coat protein, as

well as a promoter operably linked to the cDNA of the PVX genome, a multiple cloning site

between the "triple block genes" and the coat protein, and a transcriptional terminator following

the coat protein gene. In a minimal PVX-derived amplicon, the cDNA of PVX genome

comprises only the gene for RNA-dependent RNA polymerase. In another aspect, the amplicon

30 comprises the PVX genes encoding an RNA-dependent RNA polymerase, the "triple gene block

genes" encoding the movement proteins 25, 12, and 8 kDa, and a truncated gene for the coat

protein. In one aspect, the promoter operably linked cDNA of the PVX genome is the 35S

promoter of cauliflower mosaic virus. In another aspect, the promoter operably linked cDNA of

the PVX genome is the nopaline synthase promoter of Agrobacterium tumefaciens. In another

10
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aspect, the tDNA carrying the construction(s) is operably attached at it's 3' terminus to a

nopaline synthase terminator derived from Agrobacterium tumefaciens. In one aspect, the

amplicon comprises the cDNA derived from at least part of the genome tobacco rattle virus

(TRV). In another aspect, the cDNA derived from at least part of the genome tobacco rattle

5 virus (TRV) comprises the entire viral genome. In a further aspect, the cDNA derived from at

least part of the genome tobacco rattle virus (TRV) comprises only the genes involved in viral

replication, for example, replicase genes. In another aspect, the amplicon may comprise one or

more of these elements taught herein including but not limited to, alone or in combination, the

genomee of PVX, .at least a portion of the genome of PVX, the PVX genes encoding an RNA-

10 dependent RNA polymerase, the "triple gene block genes" encoding the movement proteins 25,

12, and 8 kDa, a coat protein, a promoter operably linked to cDNA of all or a portion the PVX
genome, a multiple cloning site between the "triple block genes", a coat protein, a

transcriptional terminator, a truncated gene for the coat protein, a 35S promoter of cauliflower

mosaic virus, a nopaline synthase promoter of Agrobacterium tumefaciens, a nopaline synthase

15 terminator, at least part of the genome of tobacco rattle virus (TRV), the entire viral genome of

tobacco rattle virus (TRV) and the the genes involved in viral replication, for example, replicase

genes of tobacco rattle virus (TRV).

While not wishing to be bound by any particular theory, it is currently believed that after

a cell has been transformed with DNA comprising an amplicon, a single RNA product is

20 transcribed comprising the genes of the amplicon which then serves as an RNA template for

translation. The first gene product translated is believed to be the RNA-dependent RNA
polymerase, which is required for viral replication. Using the RNA product of the amplicon as a

template, the RNA-dependent RNA polymerase is believed to synthesize negative strand RNA.

The RNA-dependent RNA polymerase is believed to then use the negative strand RNA as a

25 template to synthesize the various species of positive strand RNAs, which would include full-

length viral genome RNA and subgenomic RNAs. The subgenomic RNAs are believed to be

RNA templates for translation of internal genes within the amplicon. Among the subgenomic

RNAs is the RNA transcribed from the target gene or suppressor gene. As currently understood,

an amplicon permits amplification of RNAs transcribed from the genes in the amplicion. It is

30 further understood, that if the appropriate genes are present, an amplicon may permit assembly

of viral particles which can move and infect cells adjacent to the transformed cell.

The expression constructs of the present invention may be assembled from one or more

other expression vectors, wherein the sequences of interest are assembled into the desired

expression vector by methods known to one skilled in the art. The expression construct may

11
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further comprise 5' and 3' regulatory sequences operably linked to the promoter, the target gene,

or to both. The expression construct may further comprise a plurality of restriction sites for

insertion of the sequences of the invention to be under the transcriptional regulation of the

regulatory regions. The expression construct may additionally contain prokaryotic or eukaryotic

5 selectable marker genes.

The expression construct may comprise in the 5-3' direction of transcription, a

transcriptional and translational initiation region, a DNA sequence of the invention, and a

transcriptional and translational termination region functional in plants. The transcriptional

initiation region, comprising a promoter, may be native or analogous, or foreign or

10 heterologous, to the plant host. Additionally, the promoter may be the natural sequence or

alternatively a synthetic sequence. By "foreign" is intended that the transcriptional initiation

region is not found in the native plant into which the transcriptional initiation region is

introduced.

The expression construct may further comprise a transcriptional termination region

15 which may be native with the transcriptional initiation region, may be native with the operably

linked DNA sequence of interest, or may be derived from another source. Convenient

termination regions are available from the Ti-plasmid of Agrobacterium tumefaciens, such as

the octopine synthase and nopaline synthase termination regions. See also Guerineau et al.,

(1991); Proudfoot (1991); Sanfacon et al., (1991); Mogen et al. (1990); Munroe et al. (1990);

20 Ballas et al., (1989); and Joshi et al. (1987).

The expression construct may additionally contain 5' leader sequences operably linked to

the target gene. Such leader sequences can act to enhance translation. Translation leaders are

known in the art and include: picornavirus leaders, for example, the EMCV leader

(Encephalomyocarditis 5' noncoding region), Elroy-Stein et al. (1989; potyvirus leaders, for

25 example, TEV leader (Tobacco Etch Virus), Allison et al. (1986); human immunoglobulin

heavy-chain binding protein (BiP), Macejak et al. (1991); untranslated leader from the coat

protein mRNA of alfalfa mosaic virus (AMV RNA 4), Jobling et al., (1987); tobacco mosaic

virus leader (TMV), Gallie et al. (1989); and maize chlorotic mottle virus leader (MCMV),

Lommel et al., (1991). See also, Della-Cioppa et al., (1987) Plant Physiol. 84:965-968. Other

30 methods known to enhance translation can also be utilized, for example, introns, and the like.

The promoter of the expression construct will be determined by the specific

requirements of the desired outcome. Generally, the target gene can be combined with

promoters of choice to create increased expression of the target sequences in the tissue or organ

12
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of choice. In some instances, it may be desirable that the target gene be operably linked to a

specific tissue or developmental stage of a plant. In other instances, it may be desirable to

operably link the target gene to an inducible promoter for expression of the target gene only

under defined inducing conditions. In other instances, it may not be desirable or required that

5 the transcription of the target gene not be controlled as such, and in such instances a constitutive

promoter may be preferred. Thus, the target gene can be combined with constitutive, tissue-

specific, inducible, developmental, or other promoters for expression in plants depending upon

the desired outcome.

Constitutive promoters include, for example, CaMV 35S promoter (Odell et al., 1985);

10 rice actin (McElroy et al., 1990); maize ubiquitin (Christensen et al., 1989 and Christensen et

al., 1992); pEMU (Last et al., 1991); MAS (Velten et al., 1984); and, ALS promoter (U.S.

Patent Application Ser. No. 08/409,297). Other constitutive promoters include those taught in

U.S. Patent Nos. 5,608,149; 5,608,144; 5,604,121; 5,569,597; 5,466,785; 5,399,680; 5,268,463;

and 5,608,142.

15 A number of inducible promoters are known in the art. For resistance genes, a pathogen-

inducible promoter can be utilized. Such promoters include those from pathogenesis-related

proteins (PR proteins), which are induced following infection by a pathogen; e.g., PR proteins,

SAR proteins, beta- 1,3-glueanase, chitinase, etc. Examples of inducible promoters, include, but

are not limited to, those taught Redolfi et al. (1983) Neth. J. Plant Pathol. 89:245-254; Uknes et

20 al. (1992) Plant Cell 4:645-656; and Van Loon (1985) Plant Mol. Virol. 4:111- 116. Of

particular interest are promoters that are expressed locally at or near the site of pathogen

infection, including, but not limited to, those taught by Marineau et al., (1987) Plant Mol. Biol.

9:335-342; Matton et al., (1989) Molecular Plant- Microbe Interactions 2:325-331; Somsisch et

al, (1986) Proc. Natl. Acad. Sci. USA 83:2427-2430; Somsisch et al. (1988) Mol. Gen. Genet.

25 2:93-98; and Yang (1996) Proc. Natl. Acad. Sci. USA 93:14972-14977.

Additionally, as pathogens find entry into plants through wounds or insect damage, a

wound-inducible promoter may be used in the DNA constructs of the invention. Such wound-

inducible promoters include those derived from the following genes: potato proteinase inhibitor

(pin II), wunl, wun2 (as taught, for example, by U.S. Patent. No. 5,428,148), winl, win2, WIP1,

30 and MPI.

Chemical-regulated promoters can be used to modulate the expression of a gene in a

plant through the application of an exogenous chemical regulator: Depending upon the

objective, the promoter may be a chemical- inducible promoter, where application of the

13
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chemical induces gene expression; or a chemical-repressible promoter, where application of the

chemical represses gene expression. Chemical-inducible promoters are known in the art and

include, but are not limited to, the maize In2-2 promoter, which is activated by

benzenesulfonamide herbicide safeners; the maize GST promoter, which is activated by

5 hydrophobic electrophilic compounds that are used as preemergent herbicides; and the tobacco

PR-1 a promoter, which is activated by salicylic acid. Other chemical regulated promoters of

interest include steroid responsive promoters, such as the glucocorticoid-inducible promoter,

and the tetracycline-inducible and tetracycline-repressible promoters (see, for example, U.S.

Patent Nos. 5,814,618 and 5, 789,156).

1° Where enhanced expression in particular tissues is desired, tissue- specific promoters

can be utilized. Tissue-specific promoters include those taught in Yamamoto et al. (1997) Plant

J. 12(2)255-265; Kawamata et al. (1997) Plant Cell Physiol. 38(7):792-803; Hansen et al.

(1997) Mol. Gen Genet. 254(3):337-343; Russel et al. (1997) Transgenic Res. 6(2): 157-168;

Rinehart et al. (1996) Plant Physiol. 112(3):1331-1341; Van Camp et al. (1996) Plant Physiol.

15 112(2):525-535; Canevasini et al. (1996) Plant Physiol. 112(2):5 13-524; Yamamoto et al.

(1994) Plant Cell Physiol. 35(5):773-778; Lam (1994) Results Probl. Cell Differ. 20:181-196;

Orozco et al. (1993) Plant Mol. Biol. 23(6) : 1129-1 138; Matsuoka et al. (1993) Proc Natl.

Acad. Sci. USA 90(20) :9586-9590; and Guevara-Garcia et al. (1993) Plant J. 4(3):495-505.

Leaf-specific promoters can similarly be used if desired, and are taught in references

20 which include Yamamoto et al. (1997) Plant J. 12(2):255-265; Kawamata et al. (1997) Plant

Cell Physiol. 38(7):792-803; Hansen et al. (1997) Mol. Gen. Genet. 254(3):337-343; Russel et

al. (1997) Transgenic Res. 6(2): 157-168; Rinehart et al. (1996) Plant Physiol. 112(3): 1331-

1341; Van Camp et al. (1996) Plant Physiol. 112(2):525-535; Canevascini et al. (1996) Plant

Physiol. 112(2):513-524; Yamamoto et al. (1994) Plant Cell Physiol. 35(5)773-778; Lam

25 (1994) Results Probl. Cell Differ. 20:181-196; Orozco et al, (1993) Plant Mol. Biol. 23(6):1129~

1138; Matsuoka et al. (1993) Proc. Natl. Acad. Sci USA:90(20) 9586-9590; and Guevara-Garcia

et al. (1993) Plant J. 4(3):495-505.

Root-specific promoters are known and can be selected from those known to one

skilled in the art and as taught in the scientific the literature. Root specific promoters, include,

30 but are not limited to, promoters from the following genes: soybean root-specific glutamine

synthetase gene; root-specific control element in the GRP 1.8 gene of French bean; mannopine

synthase (MAS)
.
gene of Agrobacterium tumefaciens; cytosolic glutamine synthetase (GS) gene

expressed in roots and root nodules of soybean; hemoglobin genes from the nitrogen-fixing

nonlegume Parasponia andersonii and the related non-nitrogen-fixing nonlegume Trema

14
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tomeniosa; rolC and rolD root-including genes of Agrobacterium rhizogenes; octopine synthase

and TR-2' gene; VfENOD~GRP3 gene; and, the rolB gene. Suitable promoters are also taught in

U. S. Patent Nos. 5,837,876; 5,750,386; 5,633,363; 5,459,252; 5,401,836; 5,110, 732; and

5,023,179.

5 "Seed-preferred" promoters include both "seed-specific" promoters (those promoters

active during seed development such as promoters of seed storage proteins) as well as "seed-

germinating" promoters (those promoters active during seed germination). See Thompson et al.

(1989) Bioassays 10:108, herein incorporated by reference. Such seed-preferred promoters

include, but are not limited to, Ciml (cytokinin-induced message); cZlOBl (Maize 19 kDa zein);

10 celA (cellulose synthase); gama- zein; Glob-1; bean [bgr]-phaseolin; napin; P-conglycinin;

soybean lectin; cruciferin; maize 15 kDa zein; 22 kDa zein; 27 kDa zein; g-zein; waxy;

shrunken 1; shrunken 2; globulin 1; etc.

In preparing expression constructs, the various DNA fragments may be manipulated,

so as to provide for the DNA sequences in the proper orientation and, as appropriate, in the

15 proper reading frame. Toward this end, adapters or linkers may be employed to join the DNA
fragments or other manipulations may be involved to provide for convenient restriction sites,

removal of superfluous DNA, removal of restriction sites, or the like. For this purpose, in vitro

mutagenesis, primer repair, restriction, annealing, resubstitutions, e.g., transitions and

transversions, may be involved.

20 In a particular embodiment, expression constructs of the present invention may

comprise a chimeric target gene created by operably linking at least one peptide open reading

frame to at least one target gene. The protein product of such an expression construct is a

chimeric protein comprising a peptide sequence encoded by the peptide open reading frame

fused to the protein of interest encoded by the gene. In one aspect, the peptide open reading

25 frame encodes a peptide leader sequence that targets the fusion protein to a specific subcellular

location within a plant. The peptide sequence may be cleaved or removed during, upon or after

delivery of the fusion protein to the desired subcellular location. In one aspect, the peptide

leader sequence targets the fusion protein to the mitochondria. In another aspect, the peptide

leader sequence targets the fusion protein to the chloroplasts. The present invention

30 contemplates targeting or binding of a fusion protein to any location in the cell or elsewhere for

which the peptide leader sequence is specified.

Peptide sequences are taught in the art which direct proteins to specific subcellular

locations. For example, a "chloroplast transit peptide" (or CTP) is the amino acid sequence that
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is translated in conjunction with a protein and directs the protein to the chloroplast or un-

developed chloroplasts. Other transit peptides can be used to target sequences to other plastid

types present in the cell in which the protein is made. "Chloroplast transit sequence" refers to a

nucleotide sequence that encodes a chloroplast transit peptide. A "signal peptide" is an amino

acid sequence that is translated in conjunction with a protein and directs the protein to the

secretory system (Chrispeels (1991) Ann. Rev. Plant Phys. Plant Mol. Biol. 42:21-53). If the

protein is to be directed to a vacuole, a vacuolar targeting signal can further be added, or if to

the endoplasmic reticulum, an endoplasmic reticulum retention signal may be added. If the

protein is to be directed to the nucleus, a signal peptide, if present, may be removed and a

nuclear localization signal included (Raikhel (1992) Plant Phys. 100:1627-1632).

In an embodiment of the invention, a target gene may be fused to an open reading

frame encoding a chloroplast transit peptide, to target the target protein to the chloroplast.

Chloroplast-localized proteins may be expressed from nuclear genes as precursors and targeted

to the plastid by a CTP, which is removed during the import steps. Examples of such chloroplast

proteins include the small subunit of ribulose-l,5-biphosphate carboxylase (ssRUBISCO, SSU),

5-enoIpyruvateshikimate-3-phosphate synthase (EPSPS), ferredoxin, ferredoxin oxidoreductase,

the light-harvesting-complex protein I and protein II, and thioredoxin F. It has been

demonstrated that non-plastid proteins may be targeted to the chloroplast by use of protein

fusions with a CTP and that a CTP sequence is sufficient to target a protein to the plastid.

Those skilled in the art will also recognize that various other chimeric constructs can be made
that utilize the functionality of a particular plastid transit peptide to import a target protein into

the plant cell plastid depending on the promoter tissue specificity.

Suitable examples as taught in the art include the CTP of the N-terminal transit peptide

of plastocyanin for transport into chloroplasts, the N-terminal 0.26 Kb sequence derived from

the Arabidopsis thaliana SSU la gene (SSU CTP), sedoheptulose 1,7-bisphosphatase, the small

subunit of the chloroplast-localized ribulose 1,5-bisphosphate carboxylase, the modified CTP
taught in U.S. Patent No. 5,510,471, or the chloroplast phage-type RNA polymerase from

Arabidopsis, RPOZ.

In other embodiments, a chimeric gene comprising the target gene and an open reading

frame encoding the appropriate amino terminal peptide sequence can be constructed based upon

sequence information for targeting to intracellular organelles or for secretion outside the plant

cell or to the cell wall as found in naturally targeted or secreted proteins, including, for example,

those taught by Klosgen et al. (1989, Mol. Gen. Genet. 217,155-161), Klosgen and Weil (1991,

Mol. Gen. Genet. 225, 297-304), Neuhaus & Rogers (1998, Plant Mol. Biol. 38, 127-144), Bih
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et al. (1999, J. Biol. Chem. 274, 22884-22894), Morris et al. (1999, Biochem. Biophys. Res.

Commun. 255, 328-333), Hesse et al. (1989, EMBO J. 8 2453-2461), Tavladoraki et al. (1998,

FEES Lett. 426, 62-66), Terashima et al. (1999, Appl. Microbiol. Biotechnol. 52, 516-523),

Park et al. (1997, J. Biol. Chem. 272, 6876-6881), Shcherban et al. (1995, Proc. Natl. Acad. Sci

5 USA 92, 9245-9249), all of which are incorporated herein by reference.

A DNA sequence differing in its codon usage but encoding the same target protein or a

similar protein with substantially the same biological or functional activity, can be constructed,

depending on the particular purpose. It has been described in some prokaryotic and eukaryotic

expression systems that changing the codon usage to that of the host cell is desired for gene

10 expression in foreign hosts (Bennetzen & Hall, 1982, J. Biol. Chem. 257, 3026; Itakura, 1977,

Science 198, 1056-1063). Codon usage tables are available in the literature (Wada et al., 1990,

Nucl. Acids Res. 18, 2367-1411; Murray et al., 1989, Nucleic Acids Research 17, 477-498) and

in the major DNA sequence databases. Accordingly, synthetic DNA sequences can be

constructed so that the same or substantially the same proteins are produced. In one aspect, a

15 target gene may be optimized for expression in the transformed plant. That is, the genes can be

synthesized using plant-preferred codons corresponding to the plant of interest. Methods are

available in the art for synthesizing plant-preferred genes. See, for example, U.S. Pat. Nos.

5,380,831 and 5, 436,391, Murray et al. (1989) Nucleic Acids Res. 17:477-498, and Perlak et

al. (1991) Proc. Natl. Acad. Sci. 88:3324-3328, herein incorporated by reference.

20 PTGS was first discovered in transgenic plants (Baulcombe, D.C. (1996) Plant

Molecular Biology 32, 79-88; and Baulcombe D.C, (2004) Nature 431: 356-363). However,

related processes have been found in diverse eukaryotic organisms, including filamentous fungi,

nematodes, and a variety of animal systems where it is referred to as RNA interference (see, for

example, McManus M.T., and Sharp P.A (2002) Nature Reviews Genetics 3: 737-747; and,

25 Dykxhoorn DJVL. et al. (2003) Nature Reviews Molecular Cell Biology 4: 457-467). Double-

stranded RNA (dsRNA) induces PTGS in many systems (Montgomery and Fire, 1998; Wianny

and Zernicka-Goetz, 2000; Waterhouse and Graham, 1998) and, in plants, it can also be

triggered by cytoplasmically replicating viruses, many of which produce dsRNA replication

intermediates (Kumagai et al., 1995; Ratcliff et al., 1997). Once the mechanism is activated,

30 homologous RNA is degraded, whether it is transcribed from the transgene, the endogenous

gene, or the viral RNA. The observation that plant viruses can act both as inducers and as

targets of PTGS has led to the idea that PTGS evolved as a defense mechanism against viruses

in plants (Kumagai et al., 1995; Baulcombe, 1999). A number of conserved gene products have

17
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been implicated as being required or important for PTGS to function in suppressing gene

silencing.

It has been previously reported that certain plant viruses encode proteins that can

suppress PTGS (see for example Anandalaksmi, et al., 1998, Beclin et aL, 1998, Brigneti et al.,

1998, Kasschau and Carrington, 1998, and Voinnet, et al., 1999, 2000). In one aspect, the

PTGS suppressor constructs of the present invention comprise at least one promoter operably

linked to at least one gene encoding a viral or non-viral protein that suppress one or more

components of PTGS. In particular, the PTGS suppressor constructs of the present invention

comprise gene, and gene product thereof, for the helper component-protease (Pl/HC~Pro)

protein derived from plant potyviruses (Anandalakshmi et al., 1998; Kasschau and Carrington,

1998). In one aspect, the PTGS suppressor constructs of the present invention comprise the

Pl/HC-Pro protein gene, and gene product thereof, derived from tobacco etch virus. In another

aspect, the PTGS suppressor constructs further comprise variants of Pl/HC-Pro, in which a

nine-nucleotide insertion has been introduced into the construct at the junction of PI and HC-
Pro. In another aspect, the PTGS suppressor constructs comprise Pl/HC-Pro, and its variants,

derived from tobacco etch virus (TEV).

Suitable forms of Pl/HC-Pro have been described and are incorporated herein in their

entirety (Mallory et al., 2001, Mallory et al., 2002, and United States Patent Nos. 6,395,962 and

6,753,139, and United States Patent Application Publication No. 2004/0268441 Al). Other

forms and variants of Pl/HC-Pro are known to one skilled in the art and are within the scope

and spirit of the present invention. In one aspect, the PTGS suppressor constructs comprise

nucleic acid suppression of one or more components of PTGS, including RNAi suppression of

one or more components of PTGS.

The PTGS suppressor constructs of the present invention may further comprise a gene

encoding a protein that acts to boost or enhance the function of another PTGS suppressor gene

product, including, for example, Pl/HC-Pro. A suitable protein that enhances the activity of

Pl/HC-Pro is a calmodulin-like polypeptide named rgs-CaM as described in U. S. Patent

Application Publication 2005/0022262 Al, which is incorporated herein by reference in its

entirety.

In a further aspect, the PTGS suppressor constructs of the present invention may

comprise the 2b gene of cucumber mosaic virus, and the gene product thereof (Brigneti et al.,

1998). In one aspect, the PTGS suppressor constructs may also comprise the following genes,

and gene products thereof: the P19 gene from tomato bushy stunt virus Voinnet et al., 1999, the
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AC2 genes of geminiviruses (Voinnet et aL, 1999), and the PI gene of rice yellow mottle virus

(Voinnet et aL, 1999).

In one aspect, the methods and compositions of the present invention comprise a

PTGS suppressor construct comprising a gene encoding Pl/HC-Pro derived from TEV and a

5 viral-based vector.

Target genes of the present invention may be derived from plant, animal, microbial or

viral sources. Target genes may further comprise genes that are in whole or in part synthetic in

origin and not derived from any natural source. Target genes comprise those encoding

agronomic traits, insect resistance, disease resistance, herbicide resistance, sterility, grain

10 characteristics, and the like. The target genes of the present invention may be involved in

metabolism of oil, starch, carbohydrates, and nutrients. Target genes include, but are not limited

to, those conferring environmental- or stress-resistance traits, disease-resistance traits, and traits

affecting agronomic performance. Target genes may also comprise those genes encoding

proteins important for the synthesis of proteins, peptides, fatty acids, lipids, waxes, oils,

15 starches, sugars, carbohydrates, flavors, odors, toxins, carotenoids, hormones, polymers,

flavonoids, storage proteins, phenolic acids, alkaloids, lignins, tannins, celluloses, glycoproteins,

and glycolipids.

Target genes of the present invention may comprise genes encoding proteins of value

as pharmaceuticals or diagnostic reagents, including, but not limited to, vaccine proteins,

20 antibodies, enzymes, receptor antagonists, receptor agonists, soluble receptors, anti-microbial

peptides, and therapeutic proteins. Target genes of the present invention may further comprise

proteins that are of value as feedstocks or reagents for industry, including, but not limited to,

industrial enzymes, anti-microbial peptides, and the like.

In one embodiment, the methods and compositions of the present invention can be

25 used to produce peptides or proteins that cannot effectively be commercially produced by

existing gene expression systems. For example, some proteins cannot be expressed in

conventional bacterial, fungal, or mammalian expression systems because the protein interferes

with cell viability, cell proliferation, cellular differentiation, or protein assembly in mammalian

cells. In other cases, although the protein of interest can be successfully expressed in

30 conventional expression systems, the cost makes use of such systems prohibitive or not

commercially viable. Such proteins include, but are not limited to, retinoblastoma protein, p53,

angiostatin, and leptin. Likewise, the methods of the invention can be used to produce

mammalian regulatory proteins. Other sequences of interest include proteins, hormones, growth
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factors, cytokines, including for example, insulin, growth hormone, particularly human growth

hormone, interferon, particularly a-interferon, p- glucocerebrosidase, serum albumin,

particularly human serum albumin, hemoglobin, and collagen.

In one embodiment, the methods may be used to express recombinant target proteins

5 that are encoded by disease and insect resistance genes in the plant. In another embodiment, the

methods of the invention can be used to produce recombinant seed products. Such seed proteins

of interest include, but are not limited to, storage proteins and proteins with enhanced nutritional

value.

Generally, the methods of the invention can be used for the expression of any gene

10 encoding a recombinant target protein of interest, including therapeutic or immunogenic

peptides and proteins, genes to reproduce enzymatic pathways for chemical synthesis, genes to

enhance an enzymatic pathway for enhanced expression of a particular intermediate or final

product, industrial processes, and the like.

The methods and compositions of the present invention are particularly well-suited for

15 the simultaneous expression of two or more recombinant target proteins. In one aspect, the

methods and compositions of the present invention may be used to express and accumulate two

or more different proteins, wherein the functions are unrelated. Using this system, such proteins

could be produced in the same biomass, and subsequently extracted and separated, so that each

forms a separate product stream.

20 Many proteins of commercial value are multimeric complexes of two or more distinct

protein subunits. In another aspect, the methods and compositions of the present invention may

be used to introduce into plants simultaneously multiple target protein expression constructs,

wherein each target protein expression construct carries a gene for a distinct subunit of a

multimeric protein complex. In one embodiment, the methods and compositions of the present

25 invention comprise expression of an antibody of therapeutic, diagnostic or other commercial

interest wherein the heavy and light chains of the antibody are each encoded on distinct target

protein expression constructs. In a further embodiment, the methods and compositions of the

present invention are used to express chimeric human-mouse antibodies.

In another aspect, the methods and compositions of the present invention may be used

30 for the introduction of multiple target protein expression constructs into plants, wherein there is

a particular advantage to the expression of two or more target proteins. For example, it may be

valuable to introduce into a plant two or more target protein expression constructs wherein each

two or more insect and disease resistance genes are simultaneously introduced into the subject

20
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plant. In another example, it may be valuable to simultaneously introduce into a plant a

multitude of recombinant target proteins wherein each such protein has a particular value or

attribute such as increased disease resistance, acceleration of seed maturation, and increased

production of specific seed products.

5 The target protein expression constructs and PTGS suppressor constructs of the present

invention may be introduced into plant cells by any means of plant transformation generally

known to one skilled in the art. Plants transformed with a target protein expression construct,

PTGS expression construct or both types of construct of the present invention may be produced

by standard techniques known in the art. For example, DNA can be transformed into plant cells

10 using any suitable technology, such as a disarmed Ti-plasmid vector carried by Agrobacterium

exploiting its natural gene transferability (as taught, for example, in EP-A-270355; EP-A-

0116718; and, U.S. Patent No. 5,563,055); particle or microprojectile bombardment (as taught,

for example, in U.S. Patent Nos. 4,945, 050 and 5,100,792; EP^A444882; and, EP-A434616);

microinjection (as taught, for example, in WO 92/09696; WO 94/00583; EP 331083; EP

15 175966); other forms of direct DNA uptake (as taught, for example, in DE 4005152; WO
9012096; U.S. Pat. No. 4,684,611); liposome-mediated DNA uptake; or the vortexing method

(see, for example, Kindle (1990) Proc. Nat. Acad. Sci USA 87:1228).

Agrobacterium transformation is widely used by those skilled in the art to transform

dicotyledonous species. However, Agrobacterium mediated transformation is now emerging as .

20 a highly efficient transformation method in monocots, as taught, for example in Hiei, et al.

(1994) The Plant Journal 6:271-282); Shimamoto, K. (1994) Current Opinion in Biotechnology

5:158-162; Vasil, et al. (1992) Bio/Technology 10:667-674; and, Vasil et al. (1996) Nature

Biotechnology 14:702.

Microprojectile bombardment, electroporation, and direct DNA uptake are preferred in

25 plant species and/or plant tissues for which Agrobacterium is inefficient or ineffective.

Alternatively, a combination of different techniques may be employed to enhance the efficiency

of the transformation process, e.g., bombardment with Agrobacterium-coated microparticles (as

taught, for example, in EP-A-486234) or microprojectile bombardment to induce wounding

followed by co-cultivation with Agrobacterium (as taught, for example, in EP-A-486233).

30 The present invention further comprises novel methods suitable for the bulk

transformation of plants, which is also referred to herein as "bulk agroinfiltration". The bulk

agroinfiltration methods of the present invention can be used to transform plants grown in

greenhouses, plots, and commercial acreage. In general, the bulk agroinfiltration methods of the
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present invention comprise contacting a suspension of recombinant Agrobacterium into leaves

and other exposed areas of the subject plant. Although this can be accomplished with little if

any damage to the exposed tissues, in some cases transient damage of the leaves or other

exposed tissues is desirable to enhance the infection. In all cases, the plant remains healthy and

viable, even if the surface of the leaves and exposed areas of the plant are physically perturbed

sufficiently to allow transformation by Agrobacterium that is sprayed, washed, or aerosolized

onto, at or near the leaves and exposed plant surfaces. In one embodiment, a mixture of

Agrobacterium containing one or more desired target protein expression constructs and a PTGS
suppressor construct are grown to mid-log phase, then resuspended to an optical density (OD600)

of 1.0, and then sprayed onto the damaged leaves and exposed areas of the subject plant. In one

aspect, the subject plant is Nicotiana tabacum. In another embodiment, a mixture of

Agrobacterium containing one or more desired target protein expression constructs are grown to

mid-log phase, resuspended to an optical density of about 1.0, and then sprayed onto the leaves

and exposed areas of the subject plant. In another aspect, the subject plant is a transgenic

Nicotiana tabacum stably expressing a PTGS suppressor.

The choice of a transformation technology will be determined by its efficiency to

transform certain plant species as well as the experience and preference of the person practicing

the invention with a methodology of choice. It will be apparent to the skilled person that the

choice of a transformation system to introduce nucleic acid into plant cells is not essential to or

a limitation of the invention.

By "variants" in the context of nucleic acids or proteins is intended to mean

substantially similar sequences. For example, for nucleotide sequences, conservative variants

include those sequences that, because of the degeneracy of the genetic code, encode the amino

acid sequence of the booster of the invention. Variant nucleotide sequences include synthetically

derived sequences, such as those generated for example, using site-directed mutagenesis.

Generally, nucleotide sequence variants of the invention will have at least 40%, 50%, 60%,

70%, 80%, 85%, 90%, and up to 95% or more sequence identity to its respective native

nucleotide sequence. Thus, some fragments may also be variants.

"Variant" in the context of proteins is intended to mean a protein derived from the

native protein by deletion or addition of one or more amino acids to the N-terminal and/or C-

terminal end of the native protein; deletion or addition of one or more amino acids at one or

more sites in the native protein; or substitution of one or more amino acids at one or more sites

in the native protein. Such variants may result from, for example, genetic polymorphism or

human manipulation. Conservative amino acid substitutions will generally result in variants that
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retain biological function. Variant proteins that retain a desired biological activity are

encompassed within the subject invention. Variant proteins of the invention may include those

that are altered in various ways including amino acid substitutions, deletions, truncations, and

insertions. Methods for such manipulation are generally known in the art. See, for example,

Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al. (1987) Methods and

Enzymol; 154:367-382; and the references cited therein.

Sequence relationships between two or more nucleic acids or polynucleotides are

generally defined as sequence identity, percentage of sequence identity, and substantial identity.

In determining sequence identity, a "reference sequence" is used as a basis for sequence

comparison. The reference may be a subset or the entirety of a specified sequence. That is, the

reference sequence may be a full-length gene sequence or a segment of the gene sequence.

Methods for alignment of sequences for comparison are well known in the art. See, for

example, Smith et al. (1981) Adv. Appl. Math. 2:482; Needleman et al. (1970) J. Mol. Biol.

48:443; Pearson et al. (1988) Proc. Natl. Acad. Sci. 85:2444; CLUSTAL in the PC/Gene

Program by Intelligenetics, Mountain View, Calif.; GAP, BESTFIT, BLAST, FASTA, and

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575

Science Drive, Madison, Wis., USA. Preferred computer alignment methods also include the

BLASTP, BLASTN, and BLASTX algorithms. See also, Altschul et al. (1990) J. Mol. Biol.

215:403-410.

"Sequence identity" or "identity" in the context of nucleic acid or polypeptide

sequences refers to the nucleic acid bases or residues in the two sequences that are the same

when aligned for maximum correspondence over a specified comparison window. "Percentage

of sequence identity" refers to the value determined by comparing two optimally aligned

sequences over a comparison window, wherein the portion of the polynucleotide sequence in the

comparison window may comprise additions or deletions as compared to the reference window

for optimal alignment of the two sequences. The percentage is calculated by determining the

number of positions at which the identical nucleic acid base or amino acid residue occurs in

both sequences to yield the number of matched positions, dividing the number of matched

positions by the total number of positions in the window of comparison, and multiplying the

result by 100 to yield the percentage of sequence identity.

Polynucleotide sequences having "substantial identity" are those sequences having at

least about 50%-60%, 60%-70%, 70%-80%, 80%-90%, at least 90%, and at least 95%,

compared to a reference sequence using one of the alignment programs described above.
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Preferably sequence identity is determined using the default parameters determined by the

program. Substantial identity of amino acid sequence generally means sequence identity of at

least 50%, more preferably at least 70%, 80%, 90%, and most preferably at least 95%.

As indicated, fragments and variants of the nucleotide sequences of the invention are

5 encompassed herein. By "fragment" is intended a portion of the nucleotide sequence.

Fragments may be generated by a number of methods well known in the art, such as by use of

commercially available restriction enzymes, exonucleases such as Bal31, or by chemical

synthesis. Fragments of the booster sequence will generally encode polypeptides which retain

one or more of the biological activities of the native protein. Activities can be tested and

10 confirmed by following examples set forth herein. Alternatively, fragments of the

polynucleotide sequences may or may not retain biological activity. Such sequences may be

useful as hybridization probes, as antisense constructs, or as co-suppression sequences. Thus,

fragments of a nucleotide sequence may range from at least about 4-20 nucleotides, about 50

nucleotides, about 100 nucleotides, and up to the full-length nucleotide sequence of the

15 particular polynucleotide of interest.

The present invention may be used for transformation of any plant species, including,

but not limited to, corn (Zea mays), canola (Brassica napus, Brassica rapa ssp.), alfalfa

(Medicago sativa), rice (Oryza sativa), rye (Secaie cereale), sorghum (Sorghum bicolor,

Sorghum vulgare), sunflower (Helianthus annuus), wheat (Triticum aestivum), soybean

20 (Glycine max), tobacco (Nicotiana tabacum), potato (Solanum tuberosum), peanuts (Arachis

hypogaea), cotton (Gossypium hirsutum), sweet potato (Ipomoea batatus), cassaya (Manihot

esculenta), coffee (Cofea ssp,), coconut (Cocos nucifera), pineapple (Ananas comosus), citrus

trees (Citrus spp.), cocoa (Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.),

avocado (Persea americana), fig (Ficus casica), guava (Psidium guajava), mango (Mangifera

25 indica), olive (Olea europaea), papaya (Carica papaya), cashew (Anacardium occidental),

macadamia (Macadamia integrifolia), almond (Prunus amygdalus), sugar beets (Beta vulgaris),

oats, barley, vegetables, ornamentals, and conifers.

Plants of the present invention are crop plants, which include, but are not limited,

tobacco, cereals and pulses, maize, wheat, potatoes, tapioca, rice, sorghum, millet, cassava,

30 barley, pea, and other root, tuber, or seed crops. Important seed crops are oil-seed rape, sugar

beet, maize, sunflower, soybean, and sorghum. Horticultural plants to which the present

invention may be applied may include lettuce; endive; and vegetable brassicas including

cabbage, broccoli, and cauliflower; and carnations and geraniums. The present invention may be
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applied to tobacco, cucurbits, carrot, strawberry, sunflower, tomato, pepper, chrysanthemum,

poplar, eucalyptus, and pine.

Grain plants that provide seeds of interest include oil-seed plants and leguminous

plants. Seeds of interest include grain seeds, such as corn, wheat, barley, rice, sorghum, rye, etc.

5 Oil seed plants include cotton, soybean, safflower, sunflower, Brassica, maize, alfalfa, palm,

coconut, etc. Leguminous plants include beans and peas. Beans including guar, locust bean,

fenugreek, soybean, garden beans, cowpea, mungbean, lima bean, fava bean, lentils, chickpea,

etc.

In one embodiment, the compositions of the present invention comprise a target

10 protein expression construct comprising a plasmid wherein the target gene is operably linked to

the 3' end of a DNA sequence encoding a CTP derived from the small subunit of RuBisCO

from tobacco. Expression of such a chimeric target protein results in the production of a target

protein of interest linked at it's amino terminus to the CTP. The chimeric target protein is

transported into the chloroplast. While not wishing to be bound by a particular theory, it is

15 believed that the CTP sequence is removed from the target protein of interest at the time of

importation of the chimeric target protein into the chloroplast. The target protein of interest

accumulates in the chloroplast, where it is protected from cytosolic proteases that could degrade

the protein. Because the target protein expression construct is introduced into a plant which also

carries the Pl/HC-Pro element, the effect is a dual protection of the desired product. The

20 transcript is protected from degradation by PTGS, and the desired protein product is protected

against degradation by cytosolic proteases.

In an embodiment, the methods and compositions of the present invention comprise

infection of a recipient plant with a target protein expression construct which carried out by

infusing the leaves of recipient plants with A. tumefaciens carrying a modified Ti plasmid

25 incorporating a target gene of interest operably linked to the 3
? end of a DNA sequence

encoding the CTP derived from the small subunit of RuBisCO as described above. The recipient

plant can be a tobacco plant that is stably transformed with the Pl/HC-Pro element. Transient

expression of the target protein gene occurs, and replicating transcripts are produced in the plant

cells. One benefit of this process is that stable transgenic plants carrying the target protein

30 expression construct do not have to be made in advance which saves both time and labor. Thus,

the present invention allows decisions about which proteins are to be expressed to be delayed to

more accurately predict the needs of the consumer. In this embodiment, expression of the target

protein or proteins occurs in the treated plants within at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and 30 days following
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infection of the target plant with Agrobacterium. In another embodiment, peak expression of

the target protein or proteins occurs in the period of 1-3, 2-4, 3-5, 4-6, 5-7, 6-8, 7-9, 8-10, 9-11,

10-12, 11-13, 12-14, 13-15, 14-16, 15-17, 16-18, 17-19, 20-22, 21-23, 22-24, 23-25, 24-26, 25-

27, 26-28, 27-29, 28-30, and 29-31 days following infection with of the target plant with

5 Agrobacterium. In a further embodiment, peak expression of the target protein or proteins

occurs in the period 4-11, 5-12, 6-13, 7-14, 8-15, 9-16, 10-17, and 11-18 days following

infection of the target plant with Agrobacterium.

In another embodiment, the methods and compositions of the present invention

comprise plants that are co-infected with Agrobacterium comprising a target protein expression

10 construct and Agrobacterium comprising a PTGS suppressor construct comprising a Pl/HC-Pro

gene or suitable variant thereof. This procedure is useful for at least two reasons. First, it

circumvents the need to produce any stably transformed plants at any time, saving substantial

amounts of time and labor. Secondly, this procedure allows the use of any tobacco genotype as

the recipient stock, facilitating use of the most appropriate tobacco line for a specific

15 application. Thus, it is possible to produce numerous Agrobacterium cultures, each of which

contains a different amplicon construction encoding a different protein. Using the procedures

described above, it is possible to infect wild-type tobacco with a complex mixture of cultures,

one carrying the Pl/HC-Pro coding sequence, the remainder carrying constructs encoding an

array of different proteins, each fused with a chloroplast transit peptide. In this way, it is

20 possible to cause the recipient tobacco plant to produce several different proteins

simultaneously, each of which might then be isolated from the plant tissue. The advantage of

this procedure is that it would allow production of numerous proteins in the shortest possible

time, using the minimum amount of space and other resources. This might be especially

advantageous when the tobacco is produced in a greenhouse for containment purposes, since it

25 would permit recovery of several valuable products from the same biomass, thus increasing

product value relative to input cost.

In one embodiment, the present invention comprises methods to enrich the crude

extract for the protein of interest in order to facilitate further purification steps. For example,

the desired protein in certain embodiments is sequestered in the chloroplast when the amplicon

30 construction includes a CTP sequence, it is possible to perform a preliminary concentration of

the protein by isolating intact chloroplasts prior to lysing them to obtain the protein. This

increases the effective concentration of protein available for subsequent purification steps.

Because protein recovery is often improved by keeping protein concentration high, this
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improves overall yield of the desired protein. Further, this procedure may insure that the desired

protein has maximal protection from proteolysis afforded by chloroplast sequestration.

The methods and compositions of the present invention also comprise methods for

plant management to maximize yields of the target protein. Yield of target protein in using the

5 methods and compositions taught by the present invention maximize the interaction of several

factors. These include the developmental stage reached by the recipient tobacco plant prior to

inoculation with Agrobacterium, length of time between inoculation and harvest of biomass for

protein extraction, and various growing conditions (temperature, light, fertility, day-length, etc.)

under which the inoculated plants are maintained.

10 Methods of the present invention comprise the expression of useful recombinant

proteins (e.g., prophylactic or therapeutic vaccines, antibodies, enzymes, etc.) in tobacco at

higher levels than is typically possible using more standard transgenic plant technologies.

Further, as described herein, recombinant proteins may be protected from degradation by

cytosolic proteases by sequestering the recombinant protein in specific subcellular locations,

15 such as inside chloroplasts. The methods and compositions of the present invention are

amenable to use in a wide variety of plants, including, but not limited to, tobacco. Generally,

the methods and compositions of the present invention may be used with any plant in which a

viral replicon can be replicated.

In one aspect, the present invention comprises a method for producing a polypeptide in

20 a plant, including contacting the plant with a recombinant composition, wherein the

recombinant composition comprises a recombinant amplicon comprising a nucleic acid

encoding at least one transit peptide or at least one signal peptide operably linked to a nucleic

acid encoding the polypeptide. In one embodiment, the recombinant composition further

comprises a recombinant bacterial vehicle (e.g., Agrobacterium). The Agrobacterium may be

25 introduced in a leave of the plant by the application of pressure or vacuum. The Agrobacterium

may also be sprayed onto the plant. In one embodiment, a wound may be formed in the plant

before spraying the Agrobacterium onto the plant. In another embodiment, the plant is a

transgenic tobacco plant TEV-B. In yet another embodiment, the recombinant amplicon is a

recombinant potato virus X amplicon. In still another embodiment, the at least one transit

30 peptide is a chloroplast-targeting transit peptide. In addition, the at least one signal peptide may

comprise an N-terminal signal peptide, and wherein the presence of the N-terminal signal

peptide results in the secretion of the polypeptide into an apoplast in a plant cell. In another

embodiment, the at least one signal peptide may comprise an N-terminal signal peptide and a C-

terminal signal peptide, and wherein the presence of the N-terminal signal peptide and the C-
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terminal signal peptide results in the retention of the polypeptide in an endoplasmic reticulum in

a plant cell. In yet another embodiment, the recombinant composition further comprises a

nucleic acid encoding a suppressor of a post transcriptional gene silencing process. The

suppressor of a post transcriptional gene silencing process may be a suppressor of virus or plant

5 origin, such as, Pl/HC-Pro or a variant thereof. In one embodiment, the plant, e.g., a tobacco

plant (including, such as, N. tabacum and N. benthamiand), may comprise a nucleic acid

encoding a suppressor of a post transcriptional gene silencing process.

In another aspect, the present invention comprises a polypeptide produced in

accordance with a method comprising contacting a plant with a recombinant composition,

10 wherein the recombinant composition comprises a recombinant amplicon comprising a nucleic

acid encoding at least one transit peptide or at least one signal peptide operably linked to a

nucleic acid encoding the polypeptide. In one embodiment, the recombinant composition

further comprises a recombinant bacterial vehicle (e.g., Agrobacterium). The Agrobacterium

may be introduced in a leave of the plant by the application of pressure or vacuum. The

15 Agrobacterium may also be sprayed onto the plant. In one embodiment, a wound may be

formed in the plant before spraying the Agrobacterium onto the plant. In another embodiment,

the plant is a transgenic tobacco plant TEV-B. In yet another embodiment, the recombinant

amplicon is a recombinant potato virus X amplicon. In still another embodiment, the at least

one transit peptide is a chloroplast-targeting transit peptide. In addition, the at least one signal

20 peptide may comprise an N-terminal signal peptide, and wherein the presence of the N-terminal

signal peptide results in the secretion of the polypeptide into an apoplast in a plant cell. In

another embodiment, the at least one signal peptide may comprise an N-terminal signal peptide

and a C-terminal signal peptide, and wherein the presence of the N-terminal signal peptide and

the C-terminal signal peptide results in the retention of the polypeptide in an endoplasmic

25 reticulum in a plant cell. In yet another embodiment, the recombinant composition further

comprises a nucleic acid encoding a suppressor of a post transcriptional gene silencing process.

The suppressor of a post transcriptional gene silencing process may be a suppressor of virus or

plant origin, such as, Pl/HC-Pro or a variant thereof. In one embodiment, the plant, e.g., a

tobacco plant (including, such as, N. tabacum and N. benthamiand), may comprise a nucleic

30 acid encoding a suppressor of a post transcriptional gene silencing process.

In yet another aspect, the present invention comprises a plant comprising a

recombinant composition, wherein the recombinant composition comprises a recombinant

amplicon comprising a nucleic acid encoding at least one transit peptide or at least one signal

peptide operably linked to a nucleic acid encoding the polypeptide. In one embodiment, the
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recombinant composition further comprises a recombinant bacterial vehicle (e.g.,

Agrobacterium). The Agrobacterium may be introduced in a leave of the plant by the

application of pressure or vacuum. The Agrobacterium may also be sprayed onto the plant. In

one embodiment, a wound may be formed in the plant before spraying the Agrobacterium onto

the plant. In another embodiment, the plant is a transgenic tobacco plant TEV-B. In yet another

embodiment, the recombinant amplicon is a recombinant potato virus X amplicon. In still

another embodiment, the at least one transit peptide is a chloroplast-targeting transit peptide. In

addition, the at least one signal peptide may comprise an N-terminal signal peptide, and wherein

the presence of the N-terminal signal peptide results in the secretion of the polypeptide into an

apoplast in a plant cell. In another embodiment, the at least one signal peptide may comprise an

N-terminal signal peptide and a C-terminal signal peptide, and wherein the presence of the N-
terminal signal peptide and the C-terminal signal peptide results in the retention of the

polypeptide in an endoplasmic reticulum in a plant cell. In yet another embodiment, the

recombinant composition further comprises a nucleic acid encoding a suppressor of a post

transcriptional gene silencing process. The suppressor of a post transcriptional gene silencing

process may be a suppressor of virus or plant origin, such as, Pl/HC-Pro or a variant thereof. In

one embodiment, the plant, e.g., a tobacco plant (including, such as, N. tabacum and N.

benthamiana), may comprise a nucleic acid encoding a suppressor of a post transcriptional gene

silencing process.

In still another aspect, the present invention comprises a plant cell comprising a

recombinant composition, wherein the recombinant composition comprises a recombinant

amplicon comprising a nucleic acid encoding at least one transit peptide or at least one signal

peptide operably linked to a nucleic acid encoding the polypeptide. In one embodiment, the

plant is a transgenic tobacco plant TEV-B. In another embodiment, the recombinant amplicon

is a recombinant potato virus X amplicon. In yet another embodiment, the at least one transit

peptide is a chloroplast-targeting transit peptide. In addition, the at least one signal peptide may
comprise an N-terminal signal peptide, and wherein the presence of the N-terminal signal

peptide results in the secretion of the polypeptide into an apoplast in a plant cell. In another

embodiment, the at least one signal peptide may comprise an N-terminal signal peptide and a C-

terminal signal peptide, and wherein the presence of the N-terminal signal peptide and the C-

terminal signal peptide results in the retention of the polypeptide in an endoplasmic reticulum in

a plant cell. In yet another embodiment, the recombinant composition further comprises a

nucleic acid encoding a suppressor of a post transcriptional gene silencing process. The
suppressor of a post transcriptional gene silencing process may be a suppressor of virus or plant
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origin, such as, Pl/HC-Pro or a variant thereof. In one embodiment, the plant cell, e.g., a

tobacco plant cell (including, such as, N. tabacum and N. benthamiand), may comprise a nucleic

acid encoding a suppressor of a post transcriptional gene silencing process.

Also provided is an isolated nucleic acid comprising a recombinant amplicon, which

comprises a nucleic acid encoding at least one transit peptide or at least one signal peptide

operably linked to a nucleic acid encoding the polypeptide. In one embodiment, the

recombinant amplicon is a recombinant potato virus X amplicon. In another embodiment, the at

least one transit peptide is a chloroplast-targeting transit peptide. In yet another embodiment,

the chloroplast-targeting transit peptide comprises at least one of amino acid sequences of SEQ

ID NOs. 2, and 16-22. In addition, the at least one signal peptide may comprise an N-terminal

signal peptide, and wherein the presence of the N-terminal signal peptide results in the secretion

of the polypeptide into an apoplast in a plant cell. In another embodiment, the at least one

signal peptide may comprise an N-terminal signal peptide and a C-terminal signal peptide, and

wherein the presence of the N-terminal signal peptide and the C-terminal signal peptide results

in the retention of the polypeptide in an endoplasmic reticulum in a plant cell. In yet another

embodiment, the isolated nucleic acid further comprises a nucleic acid encoding a suppressor of

a post transcriptional gene silencing process. The suppressor of a post transcriptional gene

silencing process may be a suppressor of virus or plant origin, such as, Pl/HC-Pro or a variant

thereof.

The foregoing description includes the best presently contemplated mode of carrying

out the present invention. This description is made for the purpose of illustrating the general

principles of the present inventions and should not be taken in a limiting sense. This invention

is further illustrated by the following examples, which are not to be construed in any way as

imposing limitations upon the scope thereof. On the contrary, it is to be clearly understood that

resort may be had to various other embodiments, modifications, and equivalents thereof, which,

after reading the description herein, may suggest themselves to those skilled in the art without

departing from the spirit of the present invention.

All terms used herein are considered to be interpreted in their normally accepted usage

by those skilled in the art. Patent and patent applications or references cited herein are all

incorporated by reference in their entireties.
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EXAMPLES

High-level expression of transgenes is essential for cost-effective production of

valuable pharmaceutical proteins in plants. However, transgenic proteins often accumulate in

plants at low levels. Low levels of protein accumulation can be caused by many factors

including post-transcriptional gene silencing (PTGS) and/or rapid turnover of the transgenic

proteins. A novel Amplicon-plus Targeting Technology (APTT) that overcomes both of these

factors is disclosed. By using this technology, the highly-labile LI protein of canine oral

papillomavirus (COPV LI) is expressed by infecting transgenic tobacco plants expressing a

suppressor of PTGS with a PVX amplicon carrying a gene encoding LI, and targeting the

vaccine protein into the chloroplasts. Further, a scalable "wound-and-agrospray" inoculation

method is also disclosed, which permits high-throughput Agrobacterium inoculation of N.

tabacum, and a spray-only method (named "agrospray") for use with N. benthamiana to allow

large-scale application of this technology. The good yield and short interval from inoculation to

harvest characteristic of APTT, combined with the potential for high-throughput achieved by

use of the agrospray inoculation protocol, make this system a very promising technology for

producing high value recombinant proteins, especially those known to be highly labile, in plants

for a wide range of applications including producing vaccines against rapidly evolving

pathogens and for the rapid response needed to meet bio-defense emergencies.

EXAMPLE 1. Expression Vectors

The LI gene from canine oral papillomavirus (COPV) (Suzich et al, 1995), which

encodes the primary capsid protein LI, was modified to use plant-preferred codons, and to

eliminate potential cryptic splicing sites and polyadenylation signal-like internal sequences

(Perlak et al, 1991) by Aptagen, Inc, Herndon, VA. The custom-synthesized version of the

COPV LI gene was designated "vcp" (GenBank accession no. DQ508357).

Four constructs based on the PVX amplicon vector pGR106 (Lu et al, 2003) were

made to express the LI protein in cytosol, and to target the protein to the chloroplast, the

endoplasmic reticulum (ER), or the apoplast, respectively (Figure 1). The vcp gene was inserted

at the blunted Notl site in pGR106 to make "pKA19" (Figure 1). For chloroplast targeting, the

chloroplast transit peptide (CTP) coding sequence of ribulose-l,5~bisphosphate carboxylase

oxidase (rubisco) small subunit from tobacco (GenBank accession no. X02353) was obtained by

PGR amplification of the sequence from tobacco DNA. The sequence was then fused with the

5' terminus of the vcp coding sequence. PCR based precise in-frame fusion of the CTP and the

vcp gene was carried out using the three primer approach (Yon and Fried, 1989). The resulting
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fusion gene (CTP::vcp, 1.7 kb) was inserted into vector pGR106 at the blunted Notl site and the

resulting construct was designated "pKA20" (Figure 1). In a similar approach, the TEV 5'

untranslated leader sequence (for translation enhancement) and the ER-targeting signal peptide

(SP) from the tobacco PRla gene (Xu et al, 2002) was fused in-frame with the N-terminus of

5 the vcp coding sequence. The sequence encoding the endoplasmic reticulum retrieval signal

KDEL was included as a part of the reverse PGR primer so that it was fused in frame with the 3'

terminus of the vcp gene. The resulting fusion sequence (TEV leader: :SP::vcp::KDEL) was

inserted at the blunted Notl site in vector pGR106, resulting in the construct designated

"pKA21" (Figure 1). A similar construct was made without the KDEL to target the protein to

10 the apoplast. The fusion construct (TEV leader: :SP::vcp), cloned in pGR106 as described

above, was designated "pKA22" (Figure 1). These constructs were used to transform

Agrobacterium turnefaciens strain containing the helper plasmid pJTC SA_Rep using the freeze-

thaw method (An et al., 1988). In Figure 1, using the pGR106 vector base, "CaMV 35S P" is

the CaMV 35S promoter; "RdRp" is the sequence encoding RNA-dependent RNA polymerase

15 from PVX; "25K", "12K", and "8K" are, collectively, the "triple gene block" encoding three

specific movement proteins of PVX; "CP-P" designates a duplicated coat protein subgenomic

promoter from PVX; "CP" designates a sequence encoding the PVX coat protein; and, "N-T"

designates the nos terminator. "LB" and "RB" designate the left and right border sequences of

the T-DNA of Agrobacterium turnefaciens. The codon optimized vcp (a sequence encoding the

20 LI coat protein of canine oral papilomavirus, optimized for use in plants) cDNA and its

derivatives were inserted at the Notl site of a polylinker within pGR106, driven by a PVX CP

subgenomic promoter.

EXAMPLE 2. Agroinfiltration of Tobacco Plants

Experiments were carried out using Nicotiana tabacum cv. Xanthi, N. benthamiana,

25 and homozygous transgenic TEV-B plants (made in the tobacco cv. Xanthi) containing a

modified version of the Pl/HC-Pro gene from TEV that suppresses post-transcriptional gene

silencing, but which does not cause deleterious changes in the plant phenotype associated with

the wild-type version of Pl/HC-Pro. Preparation of Agrobacterium cultures and infiltration of

tobacco plants were carried out as described (English et al, 1997) with the following

30 modifications. The recombinant bacteria were grown overnight in 50 ml of LB medium

containing 100 \xM acetosyringone and 10 juM MES (pH 5.6), and subsequently were pelleted

by centrifugation at 4000 g for 5 min. The pellets were resuspended in the infection medium

(Murashige and Skoog salts with vitamins, 2% sucrose, 500 \xM MES (pH 5.6), 10 jliM MgSQ4 ,

and 100 ^M acetosyringone) to OD600 = 0.4-1.0 and subsequently held at 28 °C for 2-3 h.
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Infiltration of individual leaves was carried out on 4-5 weeks old recipient plants using a 2 ml

syringe by pressing the tip of the syringe (without a needle) against the abaxial surface of the

leaf. Infiltrated plants were maintained at 21- 22 °C with a photoperiod of 16 h light and 8 h

dark.

EXAMPLE 3. Inoculation of Plants by Wound-and-Agrospray

Agrobacterium harboring pKA20 was prepared as described in Example 2 but the

infection medium was supplemented with Tween 20 [0.01% (v/v)]. The suspension of

Agrobacterium was sprayed onto plants using an air-brush, Model 200 NH, connected to a

compressor that produced 20-50 PSI pressure (Badger Air-Brush Co, Illinois, USA). Plants

were wounded by slightly scoring the adaxial surfaces of upper leaves with the edge of a plastic

pot label.

EXAMPLE 4. Inoculation of Plants by Agrospray

Agrobacterium harboring pKA20 was prepared as described in Example 2 but the

infection medium was supplemented with Tween 20 [0.01% (v/v)]. The suspension of

Agrobacterium was sprayed onto plants using an air-brush, Model 200 NH, connected to a

compressor that produced 20-50 PSI pressure (Badger Air-Brush Co, Illinois, USA). Plants

were not wounded in any way prior to application of the Agrospray.

EXAMPLES. RNA Analysis

Total RNA was extracted using Trizol Reagent (Invitrogen Corporation, Carlsbad, CA,

USA). Total RNA (5-10 |Ltg/lane) was separated by 1.2% formaldehyde-agarose gels, and

blotted onto Hybond-N nylon membrane (Amersham Biosciences, Piscataway, NJ, USA) by

following the manufacturer's protocols. Blots were hybridized with a probe containing the full-

length vcp coding sequence labeled with
32
P-[dCTP] using the Prime-It II® random priming kit

(Stratagene, Cedar Creek, TX, USA), and washed according to the manufacturer's instruction.

EXAMPLE 6. Isolation and Detection of siRNAs

Short interfering RNAs (siRNA) were detected as described by Dalmay et ah (2000)

with modifications as described below. For northern blot analysis, 10 jug of low molecular

weight RNA was mixed with loading dye containing formamide and bromophenol blue (final

concentration 0.025%), and subjected to electrophoresis in a 15% polyacrylamide/7 M urea

Ready Gel (Bio-Rad, Hercules, CA, USA) in 0.5X TBE buffer at 180 V. The RNA was

electroblotted onto a Hybond XL nylon membrane at 100 V for 1 h in 0.5x TBE. Single-

stranded
32P-UTP labeled RNA probes were made from the vcp gene cloned in a pBSSKII
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vector using Promega (Madison, WT, USA) Riboprobe system according to the manufacturer's

instructions. Antisense vcp RNA was transcribed in vitro using T3 polymerase. The probes

were hydrolyzed, and hybridization was carried out as described (Dalmay et ah, 2000).

EXAMPLE 7. Immuno-blot Analysis

Total soluble protein was extracted, using a buffer modified from that of Biemelt et al.

(2003). Total soluble protein was quantified using the Protein Assay Dye Reagent

Concentrate® (Bio-Rad). Samples from infiltrated and systemically infected leaves were

collected separately for analyses involving comparison of LI accumulation in these tissues from

a single plant. In other experiments, in which the goal was to measure the recombinant protein

within the whole plant, quantitative LI assays were carried out on extracts from leaf samples

from a single whole plant. Crude protein extracts (11-25 ^g per lane) were separated on 10 %
Tris-HCl gels and transferred to 0.45 ^M nitrocellulose membranes. Bound LI protein was

detected by incubating the blots with a primary antibody "Bl," which is a monoclonal antibody

raised against an epitope present on the linear LI protein, followed by incubation with a

secondary antibody and chemiluminescence reagents from the WesternBreeze™ kit

(Invitrogen), according to the manufacturer's protocol.

EXAMPLE 8. Chloroplast Isolation and Detection of LI Protein

Chloroplasts were isolated from infiltrated leaves essentially as described (Mills and

Joy, 1980). TEV-B and Xanthi tobacco plants were infiltrated with Agrobacterium containing

the pKA20 construct. Twelve days after infiltration, the infiltrated and control plants were

maintained in the dark for 48- 60 h to reduce chloroplast starch levels. Approximately 4 grams

of leaf tissue comprising a bulk sample of infiltrated and systemically infected leaves was

harvested, washed with ice-cold sterile water, and sliced into small pieces (2 cm x 2 cm). The

sliced leaf pieces were placed in 50 ml ice-cold chloroplast isolation buffer (CIB) (330 mM
sorbitol, 50 mM Tris-HCl, 1 mM MgCl2 , 2 mM EDTA, 0.1% BSA, and 25 mM p-

mercaptoethanol, pH 8.0) and were homogenized using a small Warring commercial Blender

(Fisher, Pittsburgh, PA, USA) with two bursts of three seconds each, at the low speed setting.

The homogenate was filtered through three layers of cheesecloth and three layers of Miracloth

(Calbiochem, La Jolla, CA, USA). The filtrate was aliquoted into 50 ml Falcon centrifuge tubes

and centrifuged at 1500 g for 7 min at 4 °C. The supernatant was discarded and the pellets were

re-suspended in 1.5 ml CIB per tube. The suspension was carefully layered on 40-80%

discontinuous Percoll (MP Biomedicals LLC, Aurora, OH, USA) gradients (5 ml and 4 ml

respectively) and centrifuged at 2000 g for 7 min at 4 °C. Intact chloroplasts were collected at
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the interface of 40% and 80% Percoll layers and suspended with 1 ml CIB without BSA and (3-

mercaptoethanol, and centrifuged at 2500 g for 6 min at 4 °C. The supernatant was discarded

and three 2.5 mm glass beads (Biospec, Bartlesville, OK, USA) were added to the pellet in 1.5

ml Eppendorf tube, which was then flash frozen in liquid nitrogen. The pellet was thawed on

5 ice and homogenized in a Silamat S5 amalgamator (Ivoclar Vivadent, Amherst, NY, USA).

Finally, the pellet containing the chloroplast fraction was resuspended in a modified protein

extraction buffer (Biemelt et al. } 2003). Eleven micrograms of total soluble protein was

separated on a 10% Tris-HCL gel, transferred to nitrocellulose, and immuno-blot analysis was

carried out as described above.

10 EXAMPLE 9. Protein Extraction and Immunoblot Analysis

Tissues were harvested at 12 d.p.i. and protein was isolated for Western analysis as

briefly described below. At 12 d.p.i., tissues were isolated and weighted. Following weighing,

the tissues were ground in a mortar and pestle in the presence of liquid nitrogen. After grinding,

about two volumes of protein extraction buffer based upon sample weight were added to the

15 ground plant. For example, if the isolated tissue sample weighted 10 grams, then 20 ml of

extraction buffer would be added to the ground plant material. The protein extraction buffer

was well mixed with the ground plant material, and then the sample mixture was vortexed

briefly. Following vortexing, the sample mixture was mixed slowly at 4 °C for 10 minutes. The

sample mixture was then centrifuged at 10,000 x g for 10 minutes at 4 °C. The supernatant,

20 comprising the protein extact, was then carefully decanted. The protein concentration in the

supernatant was determined using a form of the Bradford protein assay (Bio-Rad Protein Assay

Dye Reagent Concentrate®, Bio Rad Laboratories, Inc.).

Several types and compositions of the protein extraction buffer may be used in this

procedure. Typically, for the experiments described in the examples herein, the protein

25 extraction buffer comprised the following: 50 mM Tris-HCl, pH 7.0, 1 mM EDTA pH 8.0, 1

mM EGTA, 5 mM MgCl, 15% (v/v) glycerol, 14 mM P-mercaptoethanol, and a protease

inhibitor cocktail (Sigma-Aldrich, Inc.) comprising a mixture of protease inhibitors with broad

specificity for the inhibition of serine, cysteine, aspartic, and metalloproteases, and

aminopeptidases. The protease inhibitor cocktail contained 4~(2-aminoethyl)benzenesulfonyl

30 fluoride (AEBSF), bestatin, pepstatinA, E-64, leupeptin, and 1,10-phenanthroline.

Immunoblot analysis (also called "Western blotting") of protein extracts was carried

out on protein samples separated by denaturing gel electrophoresis, followed by transfer (or

"blotting") of the separated proteins to a solid matrix, such as nitrocellulose. Typically, a
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suitable protein sample, for example, a protein extracts, is mixed with a sample buffer to yield a

mixture comprising 62.5 mM Tris (pH 6.8), 2% (w/v) SDS, 5% (v/v) 8- mercaptoethanol, 10%
(v/v) glycerol, and 0.25% (w/v) bromophenol blue, and then the mixture is heated at 100°C for

10 minutes. The denatured protein sample is then separated using sodium dodecylsulfate

("SDS") polyacrylamide gel electrophoresis ("SDS-PAGE"). The resolving gel comprises a

solution prepared by mixing 4.0 ml of distilled water, 2.5 ml 1.5M Tris-HCl (pH 8.8), 100 pi

10% (w/v) SDS, 3.3 ml 30% (w/v) acrylamide/bis-acrylamide (29:1 acrylamide : bis-

acrylamide), 65 fxl 10% (w/v) ammonium persulfate ("APS"), and 5 fil N,N,N',N'-Tetramethyl-

1-,2-diaminomethane ("TEMED"). The foregoing solution is sufficient for the preparation of

two resolving gels (Mini-PROTEAN® gel electrophoresis apparatus, Bio-Rad Laboratories,

Inc., Hercules, California). The stacking gel comprises a solution prepared by mixing 2.98 ml
distilled water, 1.26 ml 0.5M Tris-HCl (pH 6.8), 50 (il 10% (w/v) SDS, 670 fXi 30% (w/v)

acrylamide/bis-acrylamide (29:1 acrylamide : bis-acrylamide), 35 /xl 10% (w/v) APS, and 5 (i\

TEMED. The electrophoresis buffer comprised 25 mM Tris, 192 mM glycine, and 3.5 mM
SDS. Electrophoresis was carried out at 125 VDC at constant voltage. Following gel

electrophoresis, the separated proteins are transferred onto nitrocellulose (Trans-Blot Transfer

Medium®, 0.45 fim, Bio-Rad Laboratories, Inc.) at 100 VDC at constant voltage using a Mini

Trans-Blot® transfer unit (Bio-Rad Laboratories, Inc.). The transfer buffer used comprised 25

mM Tris, 192 mM glycine, and 20% (v/v) methanol. After transfer, the nitrocellulose blot was
stained with Ponceau S (Sigma-Aldrich, Inc.; CAS No. 6226-79-5; molecular formula

C22H12N4Na40 13S4) in order to assess the extent of transfer. Detection of specific protein bands

is carried out using first a primary antibody (e.g., Bl antibody raised against an epitope present

on the linear LI protein), is an antibody specific for an epitope on a specific protein that may be

in the protein sample. A secondary antibody is used that recognizes the first antibody and is

conjugated to an enzyme (e.g. goat anti-mouse antibody conjugated to the enzyme horseradish

peroxidase), followed by using of a chemiluminescence reagent that emits light in the presence

of a suitable enzyme.

In some experiments, processing of the immunoblot and detection of protein bands

was carried out using buffers, secondary antibody, and chemiluminescence reagents found in the

WesternBreeze™ Kit, following the manufacturer's protocol (Invitrogen Corporation, Carlsbad,

California). The blot was then exposed to film (Kodak Biomax XAR Film®, Kodak
Corporation, Rochester, New York) for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 30, 60, 120, 300, or 600
seconds to visualize antibody-bound protein bands. The length of exposure was dependent upon
the signal strength of the detected proteins.
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Alternatively, in other experiments, nitrocellulose blot was blocked using a solution

comprising 5% (w/v) skim milk in TBS (20 mM Tris, 500 mM NaCl, pH 7.4) or PBS (10 mM
sodium phosphate, 150 mM NaCl, pH 7.4). Following washing, the nitrocellulose blot was

incubated with a solution comprising the primary antibody diluted appropriately in 5% (w/v)

skim milk in TBS or PBS. The nitrocellulose blot is washed 3 times for 10 minutes per wash

with TBS-T (TBS containing 0.05% (w/v) Tween-20, wherein Tween-20 comprises

poly(oxyethylene)(20)-sorbitane monooleate, C58H114O26, CAS No. 9005-64-5), and then

incubated with secondary antibody, for example, goat anti-mouse antibody linked to alkaline

phosphatase. The nitrocellulose blot was then washed in TBS-T. Detection of protein bands

was carried out using chemiluminescence using the Pierce SuperSignal West Femto Maximum-
Sensitivity Substrate (Pierce Chemical Company, Rockland, Illinois). The blot was then

exposed to film (Kodak Biomax XAR Film®, Kodak Corporation, Rochester, New York) for 1,

2, 3, 4, 5, 6, 7, 8, 9, 10, 30, 60, 120, 300, or 600 seconds to visualize antibody-bound protein

bands. The length of exposure was dependent upon the signal strength of the detected proteins.

EXAMPLE 10. Agrobacterium-mediated transient gene expression

N. tabacum cv Xanthi and TEV-B plants were infiltrated with Agrobacterium as

described with the constructs described in Example 1. TEV-B plants infiltrated with any of the

constructs showed systemic PVX symptoms upon visual inspection 7 days after inoculation. In

contrast, N. tabacum cv Xanthi plants infiltrated with any of the constructs did not show any

systemic PVX symptoms at 12 d.p.L.

EXAMPLE 11. Immunoblot analysis of protein expression in Infiltrated and Systemic

Leaves from Tobacco cv. Xanthi and TEV-B Plants

Western blot analysis was carried out on the same plants described in Example 9.

Tissues were harvested at 12 d.p.i. and protein was isolated for Western analysis. Gel

electrophoresis was carried out using SDS-PAGE on a 7.5% acrylamide gel after loading 50 fig

of total protein per lane. After transfer to a membrane, the blot was probed with a monoclonal

antibody (Bl) to an epitope present in the primary (linear) LI peptide. The results of Western

analysis show that protein expression was detected in both infiltrated and systemic tissues

collected from the TEV-B plants infiltrated with the expression construct containing a

chloroplast-targeting protein. N. tabacum cv Xanthi plants infiltrated with the same expression

construct also show expression of the LI protein, but only in the infiltrated leaf tissue. There

was no detection of LI protein under these conditions in any other than infected leaves of N.

tabacum cv Xanthi plants infiltrated with this construct.
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EXAMPLE 12. Northern and Western Analysis of Infiltrated and Systemic Leaves

from Tobacco cv. KY14 Plants

A commercial variety of tobacco, N. tabacum cv. KY14 was infiltrated with the

constructs described in Example 1. Northern analysis of total RNA isolated from tissues

collected at 12 d.p.i. indicate revealed vcp-containing mRNA transcript only in extracts from

infiltrated leaves. No mRNA was detected in the systemic tissues. The tissues that were

positive for the northern analysis were also analyzed by western blot. In this genotype, only the

pKA20 construct produced detectable LI protein.

EXAMPLE 13. Subcellular Targeting of LI Recombinant Protein

The LI protein was targeted for retention in the endoplasmic reticulum (ER). In these

constructs, a 5' un-translated region of tobacco etch virus (TEV leader sequence) and the signal

sequence (SP) from the tobacco pathogenesis related protein PRla from pGA748 (Xu et al.,

2002), was fused in-frame with the vcp gene. Moreover, the endoplasmic reticulum retrieval

signal KDEL coding sequence was included in the PCR reverse primer so as to be fused at the

3' terminus of the vcp gene. The resulting fusion sequence (TEV:.SP::vcp::KDEL) was cloned

in pCR2.1 vector and was verified by sequence analysis. The fusion sequence was released by

cutting pCR2.1 vector with EcdSl, blunted, and inserted at the blunted Notl site in vector

pGR106. For apoplast targeting, a similar approach was used to make fusion gene construct as

above (ER targeting) but without KDEL at the 3' of the vcp gene. The fusion gene construct

was sequence verified and cloned in pGR106 at the blunted Notl site.

EXAMPLE 14. Tobacco Chloroplast Transit Peptide Sequence

The chloroplast transit peptide (CTP) coding sequence for the ribulose-1,5-

bisphosphate carboxylase (rubisco) small subunit of tobacco was isolated by PCR amplification

from genomic DNA of N. tabacum cv. KY14 using upstream primer containing an Xhol site

5
'CTCGAGATGGCTTCCTCAGTTCTTTCCTCT3 ' (SEQ ID NO.8) and downstream primer

5
'GCATTGCACTCTTCCGCCGTTGCTGG 3' (SEQ ID NO.9). The PCR amplified CTP

coding fragment (171 bp) was cloned into pCR2.1 vector as described by the manufacturer

(Invitrogen, Carlsbad, CA) and the authenticity of the sequence was verified by sequence

analysis. PCR based precise in-frame fusion of CTP and a 550 bp fragment of vcp was carried

out using three primers [PI: 5
'CTCGAGATGGCTTCCTCAGTTCTTTCCTCTG3 ' (SEQ ID

NO.10), P2: 5
'
AGCAGGAAGCCAAACAGCCATGCATTGCACTCTTCCGCCG3 1 (SEQ ID

NO.ll), and P3: 5
'
ACCGGTAACAGAAATACCAAGTGGTTGACCT 3' (SEQ ID NO.12) as

described (Yon and Fried, 1989). The PI primer was a forward primer of CTP and the P2
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primer was to make a fusion between the 3' of CTP and 5' of vcp coding region. The P3 primer

was a complementary sequence of the vcp coding sequence which is downstream of a unique

Agel restriction site convenient for the construction. The PGR product (550bp) was cloned into

pCR2.1 vector (Invitrogen) and verified by sequence analysis. The resulting plasmid carrying

the fusion fragment and the pBSK-vcp were both digested with Agel and EcoRV enzymes. The

original sequence of vcp between EcoRV and Agel in pBSK-vcp was replaced with the fusion

fragment. The resulting fusion gene (CTP::vcp, 1.7 kb) was eventually inserted at the blunted

Not! site of pGR106.

EXAMPLE 15. Chloroplast Transit Peptide Sequences

Targeting of recombinant proteins, including, but not limited to the vcp gene product

and any of the other recombinant proteins in accordance with the present invention, to the

chloroplast may be accomplished with other CTP sequences. Example 13 describes the use of

the tobacco CTP sequence for targeting the vcp gene product to the chloroplast. Other CTP
sequences suitable for chloroplast target include those listed in Table 1, which displays the

nucleotide sequences encoding CTP sequences from pea (Genbank Accession No. X008060),

lettuce ((Genbank Accession No. D14001), and rice (X07515), in addition to tobacco (Genbank

Accession No. X02353). In addition to the native CTP sequences listed in Table 1, it is also

possible, in accordance with the present invention, to utilize synthetic, chimeric, variant and

homologous CTP sequences. In accordance with the present invention, suitable CTP sequences

include homologous CTP sequences derived by consensus alignment of two or more known

CTP sequences. For example, CTP sequences from multiple species were subjected to multiple

sequence alignment as shown in Table 2, which was then utilized to obtain consensus sequences

of varying degrees of homology based upon percentage threshold values. The consensus

sequences so derived are suitable, in accordance wit the present invention, for use in targeting

recombinant proteins to chloroplasts.

Table 1

Alignment ofDNA Sequences Encoding a Chloroplast Transit Peptide from Various Species*

Peal ATGGCTTCTATGATATCCTCTTCCGCTGTGACAACAGTCAGCCGTGCCTCTAGGGGGCAA
60
Lettuce2 ATGGCCTCCATC TCCTCCTCAGCCATCGCCACCGTCAACCGGACCACCTCCACCCAA
57
Tobacco 3 ATGGCTTCCTCA GTTCTTTCCTCTGCAGCAGTTGCCACCCGCAGCAATGTTGCTCAA
57
Rice 4

ATGGCCCCCTCCGTGATGGCGTCGTCG
27
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Pea TCCGCCGCAGTGGCTCCATTCGGCGGCCTCAAATCCATGACTGGATTCCCAGTGA AG
117
Lettuce GCTAGCTTGGCAGCTCCATTCACCGGCCTCAAGTCTAACGTAGCTTTCCCAGTTACCAAG
117
Tobacco GCTAACATGGTTGCACCTTTCACTGGCCTTAAGTCAGCTGCCTCATTCCCTGTTTCAAGG
117
Ri ce GCCACCACCGTCGCTCCCTTC-CAGGGCTCAAGTCCACCGCCGGCATGCC-GTCGCCCGC
85

* * ***** *** ** ** ** ** * ^
Pea AAGGTCAACACTGACATTACTTCCATTACAAGCAATGGTGGAAGAGTAAAGTGC 171
Lettuce AAGGCTAACAATGACTTTTCATCCCTACCCAGCAACGGTGGAAGAGTACAATGC 171
Tobacco AAGCAAAACCTTGACATCACTTCCATTGCCAGCAACGGCGGAAGAGTGCAATGC 171
Rice CGTCCGAACTCCAGCTTCGG CAACGTCAGCA-TGGCGGCAGGATCAGGTGC 13 5

* * **** * * * **** ****** *

* Sequence alignment was carried using CLUSTAL W (vl.82) using sequence of the chloroplast transit
peptide of the small subunit of ribulose-l,5-bisphosphate carboxylase (RuBisCO) from the indicated
plant species; an asterisk below the aligned sequences indicates a position in the aligned sequence
wherein the nucleotide at the indicated position is conserved in all four of the aligned sequences.

1. SEQEDNO.13

2. SEQIDNO.14

3. SEQ ID NO. 1

4. SEQIDNO.15

Table 2

Alignment of Chloroplast Transit Peptides from Various Species*

Pea-OTP1
-MASMISSSAVTTVSRASTVQSAAVAPFGGLKSMTGFPV-KKVNTDITSITSNGGRVKCM

Lettue -MAS - ISSSAIATVNRTTSTQASLAAPFTGLKSNVAFPVTKKANNDFSSLPSKTGGRVQCM
Tobacco_cTP MASSVLSSAAVATRSNV—AQANMVAPFTGLKSAASFPVSRKQNLDITSIASNGGRVQCM
Arabidopsis cTP MASSMLSSTAWTSP AQATMVAPFTGLKSSASFPVTRKANNDITSITSNGGRVSCM
Spinach_cTP MASSVLSSAAVATVSRTP-AQASMVAPFTGLKSTVGFPATKK-NDDITSLASNGGRVQCM
Wheat_cTP MAPAVMASS ATTVAPFQGLKSTAGLPVSRRSRGS-LGSVSNGGRIRCM
Rlce_cTP MAPTVMASS ATSVAPFQGLKSTAGLPVSRRSTNSGFGNVSNGGRIKCM

consensus/90% .hss .huSs us . sAPFtGLKS . suhPs . ++ .p . s . .u . sSNGGRlpCM
consensus/ 80% . hsohhuSu AshVAPFpGLKSssuhPVo++ . ssshhu . sSNGGRlpCM
consensus/70% MAuShlSSoAlsT. s sQAohVAPFsGLKSssuFPVo+KsNsDhoSlsSNGGRVpCM
consensus/60% MAuShlSSoAlsT . s sQAohVAPFsGLKSssuFPVo+KsNsDhoSlsSNGGRVpCM
consensus/50% MAuSVlSSSAVsTssps . . sQAohVAPFTGLKSoAGFPVoRKuNsDITSlsSNGGRVpCM
* Sequence alignment was carried using CLUSTAL W (vl.82) using sequence of the chloroplast transit
peptide of the small subunit of ribulose-l,5-bisphosphate carboxylase (RuBisCO) from the indicated
plant species. The consensus sequence for the indicated threshold levels of homology was calculated
using the Consensus algorithm available from EMBL, Universitat Heidelberg.

1. SEQDDNO.16

2. SEQIDNO.17

3. SEQDDNO.18

4. SEQ ID NO. 19

5. SEQ ID NO.20

6. SEQIDNO.21
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EXAMPLE 16. Lysis and extraction of isolated intact chloroplasts

Intact chloroplasts were isolated by the method described, in Example 8. In this

experiment, TEV-B plants were infiltrated with the construct described in Example 1 and

compared to control plants which were not infiltrated. Following isolation of intact chloroplasts

as described, supra, the intact chloroplasts were frozen in liquid nitrogen with 3-4 glass beads

(2.5 mm diameter, BIOSPEC Products, Inc., Bartlesville, Oklahoma). The frozen intact

chloroplasts were then thawed, 100-200 fxL of protein extraction buffer was added, and the

suspension was homogenized in a Silamat S5 amalgamator (Ivoclar Vivadent, Amherst, New
York). The homogenate was then centrifuged at 9,000 x G for 30 mins at 4 °C. The supernatant

was collected and protein concentration was quantified using a Bio-Rad Protein Assay (Bio-

Rad, CA). Samples were loaded onto the gel, containing approximately 10-25 /xg total protein

per lane. Following SDS-PAGE, the gels were then used for immunoblot (Western) analysis,

using Bl monoclonal antibody specific to an epitope on the linear (primary) structure of the LI

molecule. The results show enrichment of the recombinant protein in the extracts from intact

chloroplasts. Further, the results show the CTP sequence of the full-length CTPy.vcp protein

appears to have been correctly cleaved from the protein accumulated in the chloroplasts.

EXAMPLE 17. Agroinfiltration with Agrobacterium

Agrobacterium strain GV3101 containing gene constructs as shown in Figure 1 was

grown and prepared for agroinfiltration as described in Example 2. The Infection Medium
described in Example 2 was supplemented with Tween 20 [0.01% (v/v)]. The suspension of

Agrobacterium was sprayed onto homozygous TEV-B plants using a hand sprayer or air-brush

(Badger Air-Brush Co, IL), with or without damaging the leaf, with or without slightly pressing

the leaves using a 1 ml syringe without a cannula. Leaf samples were collected and RNA
analysis was carried out as described, supra. The results show bulk infiltration of plant leaves

using only light mechanical pressure followed by spraying with a suspension of Agrobacterium.

EXAMPLE 18. vcp Gene with Codons Optimized for Expression in Plant Cells

The LI gene from canine oral papillomavirus (COPV), which encodes the primary

coat protein LI, was modified to increase translational efficiency in tobacco plants by the

replacement of codons associated with rare tRNAs in tobacco with codons associated with

higher abundance tRNAs in tobacco. The replacement of codons in the LI gene associated with

rare tRNAs resulted in the replacement of approximately 21% of the native codons. The
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optimized LI gene construct was assembled by Aptagen, Inc. The mutated LI gene, optimized

for expression of protein in tobacco, is designated "vcp." Although the nucleic acid sequence

was changed to alter codon usage, the amino acid sequence encoded by the vcp gene is identical

to the amino acid sequence of the wild-type COPV LI protein. A sequence alignment of the vcp

gene with the native COPV LI gene is shown in Table 3. The alignment in Table 3 was carried

out using BESTFIT software as implemented in the GCG/Wisconsin Package. BestFit uses of

the local homology algorithm of Smith and Waterman (Advances in Applied Mathematics 2;

482-489 (1981)) to find the best segment of similarity between two sequences.

Table 3

Sequence Alignment of the COPV LI gene and vcp
*

1 ATGGCTGTTTGGCTTCCTGCTCAGAATAAGTTCTATCTTCCACCTCAACC

„
Mill llllllllllll MM!!!! I) M MUNI I] 1

1

1 atggcggtttggcttcctgcacagaataaattttaccttccaccacagcc

5 1 ATCTACTAAGGTTCTTTCTACTGATGAATATGTTTCTAGAACTAATATCT
M Mill I II MM llllll I II Mill Mill I

51 cagcaccaaggtcttaagcacggatgaatatgtctccagaacaaatattt

101 TCTATCATGCTTCATCTGAAAGATTGCTTACTGTTGGTCATCCATTCTAT

ini
I MINIMI MM I I MINIM II || || || |||

101 tttatcatgctagcagtgaacgtcttcttactgtggggcaccctttttat

151 GAAATTTATAAGGAAGAGAGATCTGAAGAGGTTATTGTTCCAAAGGTTTC

_ Ml Ml I MM Mill I MM MIMMIII Mill M II M
151 gaaatttataaagaagaacgttctgaagaggttatagttcctaaagtatc

2 01 TCCAAATCAATATAGAGTGTTTAGATTGCTTCTTCCAGATCCTAATAACT
III Mill II I M II I I III Mill Mil I MM II I

2 01 tcctaatcagtaccgggtattccgcttgctacttccagaccctaacaatt

251 TTGCTTTCGGTGATAAGTCATTGTTTGATCCAGAGAAGGAAAGGCTTGTT

oci
MM II II I llllll MM II MUM II II Mill MUM

2 51 ttgcatttggagataagtcattatttgatcctgaaaaagaaagacttgtt
• • >

3 01 TGGGGTCTTAGAGGTCTTGAAATTGGAAGAGGTCAACCACTTGGTATTTC

, ni
MIM llllll I II II llllll I Mill

3 01 tggggcttaagaggattagaaataggtagggggcaaccattaggtataag
• • • .

351 TGTTACCGGTCATCCAACATTTGATAGATATAATGATGTTGAGAATCCAA

„, MUM II I II III I MUM 1 1 Mill II MM II II II MM
3 51 tgttacgggtcatccaacatttgacagatacaatgatgtagaaaacccaa

401 ACAAGAATCTTGCTGGTCATGGAGGTGGAACTGATTCTAGAGTTAATATG

„ ni
I

1 1 Ml II I Mill 1 1 II MM II || MIM Ml
401 acaaaaatcttgctggacatggaggtggaacagacagcagggttaacatg

451 GGTCTTGATCCAAAGCAAACTCAAATGTTTATGATTGGATGTAAGCCAGC
Ml I M II II MINIM M II M II I M M II M Mill

451 ggtttagaccctaaacaaactcagatgtttatgatagggtgcaaaccagc
• • • •
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5 01 TCTTGGTGAACATTGGTCTCTTACTAGATGGTGTACTGGTCAAGTTCATA

I I MINIM HUM I II 1 1 1 1 1 1 1 1 1 1 1 II II II II I

5 01 tttaggtgaacactggtctttaactagatggtgcacaggacaggtacaca

5 51 CTGCAGGACAATGCCCACCTATTGAACTTAGAAATACTACAATTGAAGAT
1 1 1 1 1 1 1 1 1 1 1 ] I Mill II Mill Mill M Mill llllll

5 51 ctgcaggacaatgtccaccaatagaactgagaaacacaacaatagaagat

601 GGTGATATGGTTGATATTGGATTTGGTGCTATGGATTTCAAGGCTCTTCA
II MINIM Mill II MINIM 1 1 1 1 1 1 1 1 llllll I N

601 ggagatatggtagatatagggtttggtgcaatggattttaaggctttgca
• • »

651 ACATTATAAGTCTGGTGTTCCAATTGATATTGTTAATTCTGCTTGTAAGT
1 1 1 1 1 1 1 II 1 1 II I MM M II II INIIIII II II I

651 gcattataagtcaggagttccaattgacatagtaaattctgcatgcaaat

701 ATCCAGATTATCTTAAGATGGCTAATGAACCTTATGGTGATAGATGCTTC
llllll II M II Mill Mill llllllll IIMIMI II

7 01 atccagactacctcaaaatggcaaatgagccttatggagatagatgtttt

751 TTCTTTGTTAGGAGAGAGCAACTTTACGCTAGGCACATTATGTCTAGATC
N INN II Mill N II II II llllllll INN

751 ttttttgtaagaagagagcaactgtatgccagacatattatgtccagatc
. • • • •

801 TGGTACTCAAGGTCTTGAACCTGTTCCAAAGGATACTTATGCTACTAGAG
III II llllll I INN II II II INN INN II INI

8 01 tggcacacaaggtttagaaccagtccccaaagatacctatgcaacaagag

851 AAGACAACAATATTGGTACAACTAATTACTTCTCTACTCCATCAGGTTCT
MIIMI M II II MIIIIMIMMIMI II M II III

851 aagacaataacataggaacaactaattacttctccacacctagtggctct

901 CTTGTTTCATCTGAAGGTCAATTGTTTAATAGACCATATTGGATTCAAAG
II INN IN II IN MIMI II II II INN N I

901 ctggtttctagtgagggacaactgtttaacaggccttactggatccagcg

951 ATCTCAAGGTAAGAACAATGGTATTGCTTGGGGTAATCAATTGTTTCTTA
II II II Mill Mill MM I Mi II Mill 11 II I I I

951 ctcgcagggcaagaataatgggattgcatggggcaatcagctgtttttaa

1001 CTGTTGTGGATAATACTAGAGGTACACCACTTACTATTAATATTGGTCAA
I II INN II II INI II II I INN II II II III

1001 cagtagtggacaacacacgaggaactcccttaactataaacatagggcaa
• • • • •

1051 CAGGATAAGCCAGAGGAAGGTAATTATGTGCCATCTTCATATAGAACTTA
II II INIIIII INN llllllll II II INN INN II

1051 caagacaagccagaagaaggaaattatgttccttcatcatacagaaccta

1101 TCTTAGACATGTTGAAGAGTATGAAGTTTCTATTATTGTTCAACTTTGTA
II 1 1 1 1 1 1 1 1 1 i INIIIII II INN II II N I

1101 cctcagacatgttgaagaatatgaagtaagcataattgtgcagctgtgca

1151 AGGTTAAGCTTTCTCCAGAGAATCTTGCTATCATTCATACTATGGATCCA
I IIMIMI II N II INN II II II II N N II II N II

I

1151 aagttaagctgtcccctgaaaatctagcaataattcatactatggatcct

1201 AATATCATTGAAGATTGGCATCTTAATGTTACTCCTCCATCTGGTACTCT
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Mill Mill llllllll II Mill 1 1 1 1 1 II 1 1 1 1 1 1 1 1 i 1 1 I

12 01 aatattattgaggattggcacctaaatgtcactcctccatctggtacttt
• » . . .

1251 TGATGATACTTATAGATATATTAATTCTCTTGCTACTAAGTGTCCAACTA
Mill II Mill II II II 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 II MM

1251 agatgacacatataggtacataaactctcttgctactaagtgccctacta

13 01 ATATTCCTCCAAAGACTAATGTTGATCCATTTGCTGATTTCAAGTTCTGG
MM llllllll Mill IIIIIMI Mill II II II II III

13 01 atatacctccaaaaactaacgttgatccttttgcagactttaaattttgg

13 51 GAAGTTGATCTTAAGGATAAGATGACTGAACAACTTGATCAAACTCCACT
Mill llllllll Mill MMIIIMI I M MIMMIMI

1351 gaagtagatcttaaagataaaatgactgaacagttagaccaaactccact

1401 TGGTAGAAAGTTCTTGTTTCAAACTAACGTTCTTAGACCAAGGTCTGTTA
III I II II II II II II II II I IMIIMMII

1401 gggtcgcaaatttttattccagacaaatgtgttacgtcctagatctgtaa

1451 AGGTTAGATCTACTTCACATGTGTCTGTTAAGAGGAAAGCTGTTAAGAGA
I M I Mill II II II Mill II I llllllll II I

1451 aagtacgttctacctcgcacgtttctgtcaaacgaaaagctgtgaaacgc

1501 AAGAGGAAATAA1

II I MINI
15 01 aaacgcaaataa2

* The top sequence in the alignment is that of vcp and the lower sequence in the alignment is

that of the COPV LI gene.

1. SEQ ID NO.

3

2. SEQIDNO.23

Discussed below are results of the experiments of Examples 1-18:

In the present invention, the amplicon-plus system has been modified in several

important ways that permit expression and accumulation of significant amounts of a labile

recombinant protein in as little as 1-2 weeks. First, a replicating amplicon vector carrying the

gene of interest, vcp (a synthetic version of the COPV LI gene), was introduced into tobacco

plants (transgenic line TEV-B) by infiltrating leaves with a suspension of Agrobacterium

carrying the amplicon, instead of delivering the amplicon by stable transformation. The system

was also modified to target LI to various cellular compartments by creating fusions between the

protein of interest and different transit peptides. With these modifications, LI protein

accumulated in the plants most successfully when the protein was targeted to the chloroplasts.

Existing agroinfiltration systems were inefficient and unlikely to be economically

viable (Pogue et al, 2002). In order to address this shortcoming, and to improve the utility and

economic value of the "amplicon-plus targeting technology" (APTT) system for large-scale

production applications, a high-throughput "wound and agrospray" method was developed for
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Agrobacterium inoculation of tobacco plants, and an "agrospray only" method was developed to

facilitate large-scale inoculation of the alternative host N. benthamiana.

LI, the primary coat protein from canine oral papillomavirus (COPV) was chosen as

the model protein with which to develop and test APTT for several reasons. First, effective

vaccines against papillomaviruses can be made using the LI coat protein of the target virus, and

COPV has been shown to be an excellent model for this type of vaccine (Suzich et at, 1995).

Importantly, recombinant LI is broadly susceptible to factors, such as enzymatic proteolysis,

that result in its degradation, thus reducing recovery of the recombinant protein from various

sources (Biemelt et al, 2003; Warzecha et al, 2003). LI therefore serves as a useful model

with which to test the efficacy of targeting the protein to various sub-cellular locations as a

means of increasing yield of recombinant product from plants.

Agroinfiltration ofTEV-B plants to express COPVLI protein

Agrobacterium infiltration was used to infect TEV-B plants with various PVX amplicon

constructs carrying the yep gene (Figure 1).

TEV-B, a tobacco line derived from N. tabacum cv. 'Xanthi' that has been stably

transformed with a modified form of the Pl/HC-Pro gene from tobacco etch virus, was chosen

for agroinfiltration experiments because PTGS is effectively eliminated, without the deleterious

phenotypic changes associated with use of the un-modified form of Pl/HC-Pro (Mallory et al,

2002). Both targeted and non-targeted constructs were tested in an attempt to maximize LI
accumulation. Targeted amplicon gene fusion constructs (Figure 1) included targeting

sequences that directed the LI protein to the chloroplast, endoplasmic reticulum (ER), or

apoplast. Non-transgenic tobacco (control) plants were also infiltrated with Agrobacterium

strains containing these constructs.

All infiltrated TEV-B plants showed symptoms similar to those of virus infection on

both infiltrated leaves and other leaves of the plants, indicating "systemic infection". Symptoms
were observed on both infiltrated and systemically infected leaves 7-12 days post infiltration

(d.p.i.). Symptoms similar to those of systemic infection were only observed at the site of

infiltration on the leaves of non-transgenic control plants of tobacco cv. 'Xanthi'. RNA analysis

revealed the presence of large amounts of viral RNAs with homology to vcp in the infiltrated

leaves of both TEV-B and Xanthi plants when they were infiltrated with each of the constructs.

Similar levels of RNA were detected in systemically infected leaves of the TEV-B plants

but not in control Xanthi plants at 12 d.p.i.. By 18 d.p.i. RNA levels had dropped significantly,
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with the highest levels observed in plants infected with pKA20, which incorporated a coding

sequence expressing a fusion of LI with a chloroplast targeting protein.

Immuno-blot analysis revealed significant accumulation of chloroplast-targeted LI

protein in both infiltrated leaves and systemically infected leaves from TEV-B plants, but LI

accumulated only in the infiltrated leaves of the control Xanthi plants. Only very small

quantities of LI protein accumulated in the infiltrated leaves of TEV-B or Xanthi plants

infiltrated with Agrobacterium carrying constructs other than pKA20.

The level of LI protein in un-inoculated control Xanthi plants, and in Xanthi, TEV-B
and N. benthamiana plants infiltrated with pKA20 was measured by image analysis of immuno-

blots of extracts from whole plants. The level of LI protein in TEV-B plants was estimated to

be about 3 ng/ug total soluble protein or 0.3% TSP while LI was barely detectable in the non-

transgenic Xanthi plants. In N. benthamiana, the level of protein was estimated to be 0.04%

TSP.

The LI protein accumulated preferentially in the chloroplasts when pKA20 was used to

infiltrate TEV-B plants. Results of an immuno-blot comparing LI levels in total leaf protein

with that in protein isolated from leaf extracts in which chloroplast content had been enriched

indicated that LI accumulated preferentially in the chloroplasts. The chloroplast-targeted LI

protein and an authentic LI standard exhibited essentially identical electrophoretic mobility,

indicating that the transit peptide was correctly cleaved after the fusion protein entered the

chloroplasts.

The lack of LI protein accumulation in Xanthi plants was due to PTGS of the viral

amplicon RNA in these plants. RNA blot analysis of low molecular weight RNA showed that

PTGS-associated siRNAs corresponding to the PVX vector did accumulate in the infiltrated

leaves of Xanthi plants, but not in TEV-B plants.

The time course of systemic infection was investigated in the TEV-B plants following

Agrobacterium infiltration of the two bottom leaves of the plants. Northern blot analysis

detected the presence of viral RNA in the infiltrated leaves 3 d.p.i.. There was no substantial

difference in the amount of viral RNA accumulated over the period between 4 d.p.i. and 12

d.p.i. in these leaves. In systemically infected leaves, the viral RNA was first detected 6 d.p.i.,

and the greatest accumulation was observed by 12 d.p.i..

Expression ofCOPYLI protein with PVX amplicon in Nicotiana benthamiana
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PVX amplicon RNA replication and movement, and LI expression were evaluated in

model plant N. benthamiana to compare function of the APTT system in this species with that in

tobacco. Four-week-old, un-transformed N. benthamiana plants were infiltrated with

Agrobacterium carrying each of the various constructs shown in Figure 1. In contrast to N.

tabacum cv. Xanthi plants infiltrated with these vectors, symptoms of systemic infection were

observed in all infiltrated N. benthamiana plants by 7 d.p.i.. Viral RNAs that hybridized with a

vcp probe were detected in both infiltrated and systemically infected leaves. However,

significant degradation of the viral RNA was observed in northern blots of extracts from

systemically infected leaves, while most of the viral RNA appeared to be intact in the infiltrated

leaves.

Interestingly, even though the viral RNA appeared to be degraded in the systemically

infected leaves, LI protein accumulated in both infiltrated and systemically infected leaves from

plants infiltrated with the chloroplast-targeting construct, pKA20. Infiltration with other

constructs (Figure 1) produced no detectable LI protein. This result was similar to the LI

protein expression data obtained from TEV-B plants infiltrated with this construct, although less

LI protein accumulated in N. benthamiana than in TEV-B plants. Northern blot analysis

revealed that systemic movement occurred in N. benthamiana, despite the presence of siRNAs,

which accumulated at high levels in plants infected with each construct.

High throughput inoculation oftobacco and. N. benthamiana by "agrospray"

To apply APTT to a large-scale commercial production, a simple and efficient method

was developed with which it was possible to inoculate a large number of tobacco plants

simultaneously. Leaves of the recipient plants were wounded by scratching them lightly with

the edge of a plastic pot label, and were then sprayed with an Agrobacterium solution using an

airbrush (wound and agrospray). Alternatively, leaves were sprayed without preliminary

wounding (agrospray only). Without the use of any mechanized apparatus, these procedures

allowed inoculation of plants at a rate of approximately 100 plants/min/person, which is much
faster than could be achieved by infiltrating individual plants using a syringe. Symptoms of

systemic infection were observed at 12 d.p.i. in TEV-B plants infected with pKA20 using this

method (agrospray), but not in Xanthi control plants. Northern blot analysis revealed that TEV-
B plants infected using agrospray accumulated viral RNAs with homology to vcp at levels

comparable to that observed in TEV-B plants infiltrated using a syringe, but infection only

occurred when the plants were wounded prior to infiltration. Imuno-blot analysis showed that

recombinant COPV LI protein accumulated in these plants at levels similar to those observed in

plants infiltrated individually with the same Agrobacterium strain using the syringe method.
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Similar experiments were carried out with and without mechanical wounding on N.

benthamiana plants using Agrobacterium harboring the pKA20 vector. Plants exhibited

symptoms of systemic infection at 7 d.p.i.. No difference was observed in systemic symptoms

regardless of whether or not plants were wounded prior to application of the agrospray

suggesting that simply applying an Agrobacterium suspension to leaves as a spray is sufficient

to cause infection of N. benthamiana, with subsequent replication and systemic movement of

the virus. Northern blot and immuno-blot analyses confirmed that comparable amounts of viral

RNAs and LI protein accumulated in both wounded and unwounded N. benthamiana plants.

Herein is disclosed a novel technology, "Amplicon-plus Targeting Technology" (APTT),

for production of high-value recombinant proteins in plants. APTT has two advantages over the

original amplicon-plus system (Mallory et al, 2002), from which it was developed. For

example, in APTT the self-replicating amplicon may be introduced into recipient plants by

infiltration of one or a few leaves on a recipient plant with an Agrobacterium suspension

harboring T-DNA encoding the amplicon. Transient expression of this sequence produces self-

replicating RNA that can then move systemically to the remainder of the plant. The current

invention differs from the original system (Mallory et al, 2002) in which T-DNA encoding the

amplicon was stably transformed into the recipient plants. Because stable transformation is

avoided, APTT allows production of plants expressing the protein in very little time. Very

importantly, infiltration of only a small number of leaves may be sufficient to achieve systemic

infection with the amplicon, causing expression of the recombinant protein in essentially all

tissues of the plant. This makes it possible to generate a large, reliable supply of uniformly

expressing biological material from which the protein of interest can be extracted, a critical

requirement for scale-up.

The utility of this system may be further improved by the development of the

"agrospray" protocol for inoculation of large numbers of plants. Using this procedure, tobacco

plants may be wounded very slightly, and then sprayed with a suspension of Agrobactrium

carrying the amplicon of interest. Such a system could readily be mechanized to inoculate very

large numbers of plants quickly, to produce a high throughput production system for

commercial purposes.

PTGS can severely limit accumulation of recombinant proteins in plants. However,

APTT may include the use of a constitutively expressed Pl/HC-Pro gene, known to eliminate

the accumulation of the viral siRNAs that direct PTGS/VIGS in both tobacco and N.

benthamiana (Mallory et al, 2001; Marathe et al, 2000b; Roth et al, 2004). Experimental data

indicate that the modified Pl/HC-Pro element present in the TEV-B tobacco line effectively
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reduced PTGS in this system. In tobacco cv. Xanthi, which lacks this suppressor, systemic

infection was essentially eliminated. However, systemic infection occurred routinely following

infiltration of one or a few leaves of the TEV-B plants.

In the experiments reported above, expression of the recombinant protein occurred

5 quickly following infiltration. A time course experiment revealed peak accumulation of viral

RNA and LI protein in TEV-B plants by 12 days after infiltration, so protein harvest could

begin less than two weeks after plants are treated. Furthermore, RNA replication and protein

expression persisted to at least 18 days post inoculation, implying that protein recovery could be

maximized by allowing additional biomass to accumulate as the plant continues to grow after

10 peak expression levels have been achieved.

The present invention indicated that high levels of recombinant protein expression was

achieved quickly in large masses of treated tobacco plants. Although there is a large literature

attesting to the utility of tobacco in the production of various recombinant proteins, these data

suggest that use of APTT makes tobacco an especially appropriate choice for commercial

15 production of labile, high-value proteins. This is especially true when one also considers that

tobacco can quickly produce significant amounts of biomass in a greenhouse.

Another advantage of APTT is that the amplicons can be engineered to incorporate

sequences that target the recombinant protein to specific sub-cellular compartments. This may

result in a marked increase in recombinant protein yield, presumably by stabilizing the protein

20 and/or protecting it from cellular proteases. Concentration of the protein in specific organelles

might also be used to facilitate purification of the recombinant protein.

Poor protein folding, and resulting instability has been shown to reduce accumulation of

heterologous proteins in plants (Ma et al, 2003). This problem may be addressed by targeting

the proteins to specific organelles (Twyman et al, 2003). The present invention revealed that

25 LI protein, chosen for these experiments because it is especially labile, accumulated to quite

different levels when targeted to different sub-cellular locations, and achieving a maximum

when targeted to chloroplasts.

Besides tobacco, other host systems might also be employed in an APTT system. For

example, N. benthamiana, which has often been used as a host for plant virus studies because of

30 their susceptibility to infection by RNA viruses, may be employed as a host in an APTT system.

Many recombinant proteins have been expressed in this species in recent years (Canizares et al,

2005). Importantly, the inventors disclose that in experiments systemic infection of N.

benthamiana with a replicating amplicon could be achieved without the inclusion of an
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exogenous suppressor of PTGS. Although siRNA was observed, clearly indicating that PTGS

was occurring in these plants, this did not prevent replication and systemic movement.

Although PTGS appears to have degraded most of the viral RNAs in systemically infected

leaves, LI protein accumulation was observed in systemically infected tissues. This contrasts

5 sharply with observations made in normal Xanthi tobacco plants, where PTGS prevented

systemic infection and prevented accumulation of LI in any but directly infiltrated leaves.

Although recombinant protein expression was observed in N. benthamiana without the aid of

Pl/HC-Pro, systemic infection and overall expression of a recombinant protein in this host

could likely be improved by the inclusion of Pl/HC-Pro or other suppressor of PTGS (Voinnet

10 etal 9 2003).

Another factor that makes N. benthamiana an especially promising alternative host for

the APTT system is its readiness with which it is infected by Agrobacterium. The inventors

have demonstrated that infection could be achieved by merely spraying the plants with the

bacterial suspension. Unlike tobacco, N. benthamiana became infected without preliminary

15 wounding. This feature may further facilitate streamlining the process of generating large,

highly-expressing plant populations for commercial protein production.

The inventors showed that heterologous protein expression could be limited by post-

transcriptional gene silencing (PTGS) and rapid protein degradation. APTT offers a means for

overcoming both of these obstacles in tobacco, by including both the Pl/HC-Pro suppressor of

20 PTGS and targeting sequences that permit accumulation of protein in the chloroplast where it is

apparently protected from factors that reduce its stability in plant cells.

APTT effectively addresses three of the most important issues required of an effective

plant-based transient protein production system. First, suppression of PTGS by Pl/HC-Pro

prevents accumulation of siRNAs, thus permitting accumulation of large amounts of viral RNA.

25 It also permits systemic movement in tobacco of the self-replicating amplicons carrying the

gene of interest. Second, through targeting of the protein to specific sub-cellular locations,

recombinant protein, including those known to be highly unstable, can accumulate to high

levels, greatly increasing overall efficiency of the system. Third, by delivering a self-replicating

amplicon into the plants via the "wound and agrospray" or "agrospray" procedures, it permits

30 production of large amounts of biomass expressing the recombinant protein at minimal cost in a

short period of time. This system is ideal not only for routine production of pharmaceutical

proteins, but it is also well suited to production of proteins such as vaccines that may be needed

quickly and in large amounts in response to health emergencies of natural origin, or those which

might result from attack with biological weapons.
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Whereas this invention has been described in detail with particular reference to specific

embodiments, it will be apparent to those skilled in the art that various modifications and

variations can be made in the present invention in light of the above teachings without departing

from the scope or spirit of the invention. Other embodiments of the invention will be apparent

5 to those skilled in the art from consideration of the specification and practice of the invention

disclosed herein. It is intended that the specification and examples be considered exemplary

only, with a true scope and spirit of the invention being indicated by the following claims.
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CLAIMS

What is claimed is:

1. A method for producing a polypeptide in a plant, comprising contacting the plant with

5 a recombinant composition, wherein the recombinant composition comprises a recombinant

amplicon comprising a nucleic acid encoding at least one transit peptide or at least one signal

peptide operably linked to a nucleic acid encoding the polypeptide.

2. The method of claim 1, wherein the recombinant composition further comprises a

10 recombinant bacterial vehicle.

3. The method of claim 2, wherein the recombinant bacterial vehicle is Agrobacterium.

4. The method of claim 3, wherein the Agrobacterium is introduced into a leaf of the

15 plant by the application of pressure or vacuum.

5. The method of claim 4, wherein the Agrobacterium is sprayed onto the plant.

6. The method of claim 5, further comprising forming a wound in the plant before

20 spraying the Agrobacterium onto the plant.

7. The method of claim 6, wherein the plant is a transgenic tobacco plant TEV-B.

8. The method of claim 1, wherein the recombinant amplicon is a recombinant potato

25 virus X amplicon.

9. The method of claim 1, wherein the at least one transit peptide is a chloroplast-

targeting transit peptide.

30 10. The method of claim 1, wherein the at least one signal peptide comprises an N-

terminal signal peptide, and wherein the presence of the N-terminal signal peptide results in the

secretion of the polypeptide into an apoplast.

11. The method of claim 1, wherein the at least one signal peptide comprises an N-

35 terminal signal peptide and a C-terminal signal peptide, and wherein the presence of the N-
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terminal signal peptide and the C-terminal signal peptide results in the retention of the

polypeptide in an endoplasmic reticulum.

12. The method of claim 1, wherein the recombinant composition further comprises a

5 nucleic acid encoding a suppressor of a post transcriptional gene silencing process.

13. The method of claim 12, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of virus origin.

10 14. The method of claim 13, wherein the suppressor of a post transcriptional gene

silencing process is Pl/HC-Pro.

15. The method of claim 13, wherein the Pl/HC-Pro is a variant of Pl/HC-Pro, and

wherein the variant of Pl/HC-Pro comprises substantially no deleterious phenotypic effects.

15

16. The method of claim 12, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of plant origin.

17. The method of claim 1, wherein the plant comprises a nucleic acid encoding a

20 suppressor of a post transcriptional gene silencing process.

18. The method of claim 1, where the plant is a tobacco plant.

19. The method of claim 18, wherein the tobacco plant is N. tabacum.

25 20. The method of claim 1, wherein the plant is N. benthamiana

21. A polypeptide produced in accordance with a method comprising contacting a plant

with a recombinant composition, wherein the recombinant composition comprises a

recombinant amplicon comprising a nucleic acid encoding at least one transit peptide or at least

30 one signal peptide operably linked to a nucleic acid encoding the polypeptide.

22. The polypeptide of claim 21, wherein the recombinant composition further comprises a

recombinant bacterial vehicle.
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23, The polypeptide of claim 22, wherein the recombinant bacterial vehicle is

Agrobacterium.

24. The polypeptide of claim 23, wherein the Agrobacterium is sprayed onto the plant.

5

25. The polypeptide of claim 24, further comprising forming a wound in the plant before

spraying the Agrobacterium onto the plant.

26. The polypeptide of claim 21, wherein the recombinant amplicon is a recombinant

10 potato virus X amplicon.

27. The polypeptide of claim 21, wherein the at least one transit peptide is a chloroplast-

targeting transit peptide.

15 28. The polypeptide of claim 21, wherein the at least one signal peptide comprises an N-

terminal signal peptide, and wherein the presence of the N-terminal signal peptide results in the

secretion of the polypeptide into an apoplast.

29. The polypeptide of claim 21, wherein the at least one signal peptide comprises an N-

20 terminal signal peptide and a C-terminal signal peptide, and wherein the presence of the N-

terminal signal peptide and the C-terminal signal peptide results in the retention of the

polypeptide in an endoplasmic reticulum.

30. The polypeptide of claim 21, wherein the recombinant composition further comprises a

25 nucleic acid encoding a suppressor of a post transcriptional gene silencing process.

31. The polypeptide of claim 30, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of virus origin.

30 32. The polypeptide of claim 31, wherein the suppressor of a post transcriptional gene

silencing process is Pl/HC-Pro.

33. The polypeptide of claim 31, wherein the Pl/HC-Pro is a variant of Pl/HC-Pro, and

wherein the variant of Pl/HC-Pro comprises substantially no deleterious phenotypic effects.

35
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34. The polypeptide of claim 30, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of plant origin.

35. The polypeptide of claim 21, wherein the plant comprises a nucleic acid encoding a

suppressor of a post transcriptional gene silencing process.

36. The polypeptide of claim 21, where the plant is a tobacco plant.

37. The polypeptide of claim 36, wherein the tobacco plant is N. tabacum.

38. The polypeptide of claim 21, wherein the plant is N. benthamiana.

39. A plant comprising a recombinant composition, wherein the recombinant composition

comprises a recombinant amplicon comprising a nucleic acid encoding at least one transit

peptide or at least one signal peptide operably linked to a nucleic acid encoding the polypeptide.

40. The plant of claim 39, wherein the recombinant amplicon is a recombinant potato virus

X amplicon.

41. The plant of claim 39, wherein the at least one transit peptide is a chloroplast-targeting

transit peptide.

42. The plant of claim 39, wherein the at least one signal peptide comprises an N-terminal

signal peptide, and wherein the presence of the N-terminal signal peptide results in the secretion

of the polypeptide into an apoplast.

43. The plant of claim 39, wherein the at least one signal peptide comprises an N-terminal

signal peptide and a C-terminal signal peptide, and wherein the presence of the N-terminal

signal peptide and the C-terminal signal peptide results in the retention of the polypeptide in an

endoplasmic reticulum.

44. The plant of claim 39, wherein the recombinant composition further comprises a

nucleic acid encoding a suppressor of a post transcriptional gene silencing process.
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45, The plant of claim 44, wherein the suppressor of a post transcriptional gene silencing

process is a suppressor of virus origin.

46. The plant of claim 45, wherein the suppressor of a post transcriptional gene silencing

process is Pl/HC-Pro.

47. The plant of claim 45, wherein the Pl/HC-Pro is a variant of Pl/HC-Pro, and wherein

the variant of Pl/HC-Pro comprises substantially no deleterious phenotypic effects.

48. The plant of claim 44, wherein the suppressor of a post transcriptional gene silencing

process is a suppressor of plant origin.

49. The plant of claim 39, wherein the plant comprises a nucleic acid encoding a

suppressor of a post transcriptional gene silencing process.

50. The plant of claim 39, where the plant is a tobacco plant.

51. The plant of claim 50, wherein the tobacco plant is N. tabacum.

52. The plant of claim 39, wherein the plant is N. benthamiana.

53. A plant cell comprising a recombinant composition, wherein the recombinant

composition comprises a recombinant amplicon comprising a nucleic acid encoding at least one

transit peptide or at least one signal peptide operably linked to a nucleic acid encoding the

polypeptide.

54. The plant cell of claim 53, wherein the recombinant amplicon is a recombinant potato

virus X amplicon.

55. The plant cell of claim 53, wherein the at least one transit peptide is a chloroplast-

targeting transit peptide.

56. The plant cell of claim 53, wherein the at least one signal peptide comprises an N-

terminal signal peptide, and wherein the presence of the N-terminal signal peptide results in the

secretion of the polypeptide into an apoplast.
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57. The plant cell of claim 53, wherein the at least one signal peptide comprises an N-

terminal signal peptide and a C-terminal signal peptide, and wherein the presence of the N-

terminal signal peptide and the C-terminal signal peptide results in the retention of the

polypeptide in an endoplasmic reticulum.

58. The plant cell of claim 53, wherein the recombinant composition further comprises a

nucleic acid encoding a suppressor of a post transcriptional gene silencing process.

59. The plant cell of claim 58, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of virus origin.

60. The plant cell of claim 59, wherein the suppressor of a post transcriptional gene

silencing process is Pl/HC-Pro.

61. The plant cell of claim 59, wherein the Pl/HC-Pro is a variant of Pl/HC-Pro, and

wherein the variant of Pl/HC-Pro comprises substantially no deleterious phenotypic effects.

62. The plant cell of claim 58, wherein the suppressor of a post transcriptional gene

silencing process is a suppressor of plant origin.

63. The plant cell of claim 53, wherein the plant cell comprises a nucleic acid encoding a

suppressor of a post transcriptional gene silencing process.

64. The plant cell of claim 53, where the plant cell is a tobacco plant cell.

65. The plant cell of claim 64, wherein the tobacco plant is N. tabacum.

66. The plant cell of claim 53, wherein the plant plant cell is derived from N. benthamiana.

67. An isolated nucleic acid comprising a recombinant amplicon comprising a nucleic acid

encoding at least one transit peptide or at least one signal peptide operably linked to a nucleic

acid encoding the polypeptide.
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68. The isolated nucleic acid of claim 67, wherein the recombinant amplicon is a

recombinant potato virus X amplicon.

69. The isolated nucleic acid of claim 67, wherein the at least one transit peptide is a

5 chloroplast-targeting transit peptide.

70. The isolated nucleic acid of claim 69, wherein the chloroplast-targeting transit peptide

comprises at least one of amino acid sequences of SEQ ID NOs. 2, and 16-22.

10 71. The isolated nucleic acid of claim 67, wherein the at least one signal peptide comprises

an N-terminal signal peptide, and wherein the presence of the N-terminal signal peptide results

in the secretion of the polypeptide into an apoplast a plant cell.

72. The isolated nucleic acid of claim 67, wherein the at least one signal peptide comprises

15 an N-terminal signal peptide and a C-terminal signal peptide, and wherein the presence of the

N-terminal signal peptide and the C-terminal signal peptide results in the retention of the

polypeptide in an endoplasmic reticulum in a plant cell.

73. The isolated nucleic acid of claim 67, wherein the isolated nucleic acid further

20 comprises a nucleic acid encoding a suppressor of a post transcriptional gene silencing process.

74. The isolated nucleic acid of claim 73, wherein the suppressor of a post transcriptional

gene silencing process is a suppressor of virus origin.

25 75. The isolated nucleic acid of claim 74, wherein the suppressor of a post transcriptional

gene silencing process is Pl/HC-Pro.

76. The isolated nucleic acid of claim 74, wherein the Pl/HC-Pro is a variant of Pl/HC-

Pro, and wherein the variant of Pl/HC-Pro comprises substantially no deleterious phenotypic

30 effects.

77. The isolated nucleic acid of claim 73, wherein the suppressor of a post transcriptional

gene silencing process is a suppressor of plant origin.
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pKA22 -TEV::SP::vqp (to apoplast)

pKA21 -TEV::SP::vcp::KDEL (to ER)
pKA20 - CTP:: vcp (to chloroplast)

pKA19 - vcp (to nucleus/cytosol)

CaMV35SP~l-
l RdRp

LB

PGR106

CP-P

Figure 1

SEQIDNO.l
5

' ATGGCTTCCTCAGTTCTTTCCTCTGCAGCAGTTGCCACCCGCAGCAATGTTGCTC

A

AGCTAACATGGTTGCACCTTTCACTGGCCTTAAGTCAGCTGCCTCATTCCCTGTTTCA
AGGAAGCAAAACCTTGACATCACTTCCATTGCCAGCAACGGCGGAAGAGTGCAATG
C3'

Figure 2

SEQ ID NO.2
MASSVLSSAA VATRSNVAQA NMVAPFTGLK SAASFPVSRK QNLDITSIAS NGGRVQC

Figure 3
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SEQ ID NO.3
1 ATGGCTGTTTGGCTTCCTGCTCAGAATAAGTTCTATCTTCCACCTCAACC
51 ATCTACTAAGGTTCTTTCTACTGATGAATATGTTTCTAGAACTAATATCT
101 TCTATCATGCTTCATCTGAAAGATTGCTTACTGTTGGTCATCCATTCTAT
151 GAAATTTATAAGGAAGAGAGATCTGAAGAGGTTATTGTTCCAAAGGTTTC
201 TCCAAATCAATATAGAGTGTTTAGATTGCTTCTTCCAGATCCTAATAACT
251 TTGCTTTCGGTGATAAGTCATTGTTTGATCCAGAGAAGGAAAGGCTTGTT
301 TGGGGTCTTAGAGGTCTTGAAATTGGAAGAGGTCAACCACTTGGTATTTC
351 TGTTACCGGTCATCCAACATTTGATAGATATAATGATGTTGAGAATCCAA
4 01 ACAAGAATCTTGCTGGTCATGGAGGTGGAACTGATTCTAGAGTTAATATG
4 51 GGTCTTGATCCAAAGCAAACTCAAATGTTTATGATTGGATGTAAGCCAGC
501 TCTTGGTGAACATTGGTCTCTTACTAGATGGTGTACTGGTCAAGTTCATA
551 CTGCAGGAGAATGCCCACCTATTGAACTTAGAAATACTAGAATTGAAGAT
601 GGTGATATGGTTGATATTGGATTTGGTGCTATGGATTTCAAGGCTCTTCA
651 ACATTATAAGTCTGGTGTTCCAATTGATATTGTTAATTCTGCTTGTAAGT
7 01 ATCCAGATTATCTTAAGATGGCTAATGAACCTTATGGTGATAGATGCTTC
7 51 TTCTTTGTTAGGAGAGAGCAACTTTACGCTAGGCACATTATGTCTAGATC
8 01 TGGTACTCAAGGTCTTGAACCTGTTCCAAAGGATACTTATGCTACTAGAG
851 AAGACAACAATATTGGTACAACTAATTACTTCTCTACTCCATCAGGTTCT
901 CTTGTTTCATCTGAAGGTCAATTGTTTAATAGACCATATTGGATTCAAAG
951 ATCTCAAGGTAAGAACAATGGTATTGCTTGGGGTAATCAATTGTTTCTTA
1001 CTGTTGTGGATAATACTAGAGGTACACCACTTACTATTAATATTGGTCAA
1051 CAGGATAAGCCAGAGGAAGGTAATTATGTGCCATCTTCATATAGAACTTA
1101 TCTTAGACATGTTGAAGAGTATGAAGTTTCTATTATTGTTCAACTTTGTA
1151 AGGTTAAGCTTTCTCCAGAGAATCTTGCTATCATTCATACTATGGATCCA
1201 AATATCATTGAAGATTGGCATCTTAATGTTACTCCTCCATCTGGTACTCT
1251 TGATGATACTTATAGATATATTAATTCTCTTGCTACTAAGTGTCCAACTA
1301 ATATTCCTCCAAAGACTAATGTTGATCCATTTGCTGATTTCAAGTTCTGG
1351 GAAGTTGATCTTAAGGATAAGATGACTGAACAACTTGATCAAACTCCACT
14 01 TGGTAGAAAGTTCTTGTTTCAAACTAACGTTCTTAGACCAAGGTCTGTTA

Figure 4
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SEQ ID NO.4
5'CTCAACACAACATATACAAAACAAACGAATCTCAAGCAATCAAGCATTCTACTTCT
ATTGCAGCAATTTAAATCATTTCTTTTAAAGCAAAAGCAATTTTCTGAAAATTTTCAC
CATTTACGAACGATAG3

'

Figure 5

SEQ ID N0.5
LNTTYTKQTNLKQSSILLLLQQFKSFLLKQKQFSENFHHLRTI

Figure 6

SEQ ID NO.6
5ATGGGATTTGTTCTCTTTTCACAATTGCCTTCATTTCTTCTTGTCTCTACACTTCTCT
TATTCCTAGTAATATCCCACTCTTGCCGTGCC3'

Figure 7

SEQ ID NO.7
MGFVLFSQLPSFLLVSTLLLFLVISHSCRA

Figure 8
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NCSU2.PCT SEQ LISTING . txt
SEQUENCE LISTING

<110> North Carolina state University
Weissi nger , Arthur
Azhakanandam , Kasi
qu, Rongda
Nicholson, Jennifer Levin
Weissi nger, Sandra M

<120> METHODS AND COMPOSITIONS FOR EXPRESSING RECOMBINANT PROTEINS IN
PLANTS

<130> NCSU2.PCT

<150> 60/696,773
<151> 2005-07-05

<160> 23

<170> Patentln version 3.3

<210> 1
<211> 171
<212> DNA
<213> Nicotiana tabacum

<400> 1
atggcttcct cagttctttc ctctgcagca gttgccaccc gcagcaatgt tgctcaagct 60

aacatggttg cacctttcac tggccttaag tcagctgcct cattccctgt ttcaaggaag 120

caaaaccttg acatcacttc cattgccagc aacggcggaa gagtgcaatg c 171

<210> 2
<211> 57
<212> PRT
<213> Nicotiana tabacum

<400> 2

Met Ala ser Ser Val Leu ser ser Ala Ala Val Ala Thr Arg Ser Asn15 10 15

Val Ala Gin Ala Asn Met Val Ala Pro Phe Thr Gly Leu Lys Ser Ala
20 25 30

Ala Ser Phe Pro Val Ser Arg Lys Gin Asn Leu Asp lie Thr Ser lie
35 40 45

Ala ser Asn Gly Gly Arg val Gin cys
50 55

<210> 3

<211> 1450
<212> DNA
<213> Artificial

<220>
<223> Ll gene from canine oral papillomavirus (COPV) with codon

optimized for expression in tobacco plants

<400> 3
atggctgttt ggcttcctgc tcagaataag ttctatcttc cacctcaacc atctactaag 60

Page 1
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NCSU2.PCT SEQ LISTING . tXt

y LLC LllCIa cxgaxgaaxa LgTtTCTdyd dCXddXaXCX xcxaxcaxgc xxcaxcxgaa JLZU

dCjclLT.yCLT.cl cxgxxggxca TCCdTTCTdT gaddxxxaxa aggaagagag axexgaagag XoU

yLtaT.Iyl.TC CdddyyTTIC TCCdadlCdd XdXdgdgxgx xxagaxxgcx xcxxccagax

CCXddXdaCX T.xgcT.LT.egg +* /~i +* n *^ +xgaxaagxca xxgxxxgaxc cagagaagga n _ ya. y-. ^» -*- /~j -4— »4—aaggcxxgxx

•-yyyyLCLLd gdggxcxxga adTTgyddyd ggXCddCCdC xxggxaxxxc +- y-f -4— "4— ^ y— y— y-« y-H 4—xgxxaccggx

^-cl H-t-ddL.d L L Lyd Ldyd Ld TddTydTyLT gdgddXCCdd acaagaaxcx xgcxggxcax

yy«yy Lyydd cxgaxxcxag ctgX Ldd LclT.g ggxexxgaxe caaagcaaac xcaaaxgxxx /on'foU

d Ly dT.T.yyd L y-f -4— —i ^ /-< /— #—» ^ y-tgxaagecage xcxxggxgaa caxxggxcxc xxacxagaxg gxgxacxggx C/1A

LddyTTLaTa exgeaggaca ^3 -f- /-« r~ f— t*~ ^ /— /— *4-dLyCCCaCCT axxgaacxxa gaaaxacxac aaxxgaagax DUU

yyLgaT.dT.gy x LgaT.aLT.gg "1 + -f- -f- /-I +- y»i r— «4-axttggxgct axggaxxxca aggcxexxca acattataag boU

xcxggxgxxc f "3 "3 ++ <~i *4~ *5 +-CddX LgaTd

X

xgxxaaxxcx gcxxgxaagx axecagaxxa tcttaagatig /

nrta atria a ry Ldd Lyddc cLLdLyyxyd LagaxgcTixc xxcxxxgxxa ggagagagca acxxxacgcx / oU

"T5 /"I f~1 /~ H /~ "n -H "t" "3dyyCdCd L Ld TgTLTdydTC T.ggIdCTCdd ggxexxgaac y^ -4— yi -4— -4- /" /—' —1 —

•

cxgxxccaaa ggaxacxxax o^-U

yc LdLTdydy ddgdCddCdd idTxggxaca acxaaxxacx xcxcxacxcc ~ -4— y^ »ti y*. v—. -4- -4— y"+-axcaggxxcx

CTTyTTTCdT cxgaaggxca ^1 -4— -4— -~ -f— -I- —i -4—axxgxxxaax agaccaxaxx ggaxxcaaag atctcaaggt you

ddgddCddig gxaxxgcxxg gggxaaxcaa xxgxxxcxxa if—> -4-1 ^SA J— kf-. ^| Afl Mcxgxtgxgga taatactaga lU^U

gg LdCdCCdC LTdCTdLldd xaxxggxcaa caggaxaagc cagaggaagg *4— ^ *4— -4^ -4— -4— /-sixaaxxaxgxg 1 C\Qf\XUoU

CCd LC Lltd

L

dldyddCTTd xcxxagacax gxxgaagagx axgaagxxxc 4-a4-+-i4-4-/i4-4-xaxxaxxgxx XJ.4U

CddCXXXgxa ~\ *"1 »^ ^4 -4-»aggxxaagcx xxcxecagag aatcttgctza tcattcatac tatggatcca

aatatcattg aagattggca tcttaatgtt actcctccat ctggtactct tgatgatact 1260

tatagatata ttaattctct tgctactaag tgtccaacta atattcctcc aaagactaat 1320

gttgatccat ttgctgattt caagttctgg gaagttgatc ttaaggataa gatgactgaa 1380

caacttgatc aaactccact tggtagaaag ttcttgtttc aaactaacgt tcttagacca 1440

aggtctgtta 1450

<210> 4
<211> 130
<212> DNA
<213> Artificial

<220>
<223> a modified tobacco etch virus (TEV) nucleotide sequence for

ER/apoplast targeting

<400> 4
ctcaacacaa catatacaaa acaaacgaat ctcaagcaat caagcattct acttctattg 60

cagcaattta aatcatttct tttaaagcaa aagcaatttt ctgaaaattt tcaccattta 120

cgaacgatag 130

<210> 5
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<211> 43
<212> PRT
<213> Artificial

<220>
<223> a modified TEV peptide sequence for ER/apoplast targeting

<400> 5

Leu Asn Thr Thr Tyr Thr Lys Gin Thr Asn Leu Lys Gin Ser Ser lie15 10 15

Leu Leu Leu Leu Gin Gin Phe Lys ser Phe Leu Leu Lys Gin Lys Gin
20 25 30

Phe Ser Glu Asn Phe His His Leu Arg Thr lie
35 40

<210> 6
<211> 90
<212> DNA
<213> Artificial

<220>
<223> a modified tobacco nucleotide sequence for ER/apoplast targeting

<400> 6
atgggatttg ttctcttttc acaattgcct tcatttcttc ttgtctctac acttctctta 60

ttcctagtaa tatcccactc ttgccgtgcc 90

<210> 7
<211> 30
<212> PRT
<213> Artificial

<220>
<223> a modified tobacco peptide sequence for ER/apoplast targeting

<400> 7

Met Gly Phe val Leu Phe ser Gin Leu Pro Ser Phe Leu Leu Val ser15 10 15

Thr Leu Leu Leu Phe Leu val lie ser His Ser Cys Arg Ala
20 25 30

<210> 8
<211> 30
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 8
ctcgagatgg cttcctcagt tctttcctct 30

<210> 9
<211> 26
<212> DNA
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<213> Artificial

<220>
<223> primer

<400> 9
gcattgcact cttccgccgt tgctgg 26

<210> 10
<211> 31
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 10
ctcgagatgg cttcctcagt tctttcctct g 31

<210> 11
<211> 40
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 11
agcaggaagc caaacagcca tgcattgcac tcttccgccg 40

<210> 12
<211> 31
<212> DNA
<213> Artificial

<220>
<223> primer

<210> 13
<211> 171
<212> DNA
<213> Pi sum sativum

<400> 13
atggcttcta tgatatcctc ttccgctgtg acaacagtca gccgtgcctc tagggggcaa 60

tccgccgcag tggctccatt cggcggcctc aaatccatga ctggattccc agtgaagaag 120

gtcaacactg acattacttc cattacaagc aatggtggaa gagtaaagtg c 171

<210> 14
<211> 171
<212> DNA
<213> Lactuca sativa

<400> 12
accggtaaca gaaataccaa gtggttgacc t 31

<400> 14
atggcctcca tctcctcctc agccatcgcc accgtcaacc ggaccacctc cacccaagct 60

agcttggcag ctccattcac cggcctcaag tctaacgtag ctttcccagt taccaagaag 120

Page 4



WO 2007/005882 PCT/US2006/026061

NCSU2.PCT SEQ LISTING. tXt
gctaacaatg acttttcatc cctacccagc aacggtggaa gagtacaatg c 171

<210> 15
<211> 135
<212> DNA
<213> Oryza sativa

<400> 15
atggccccct ccgtgatggc gtcgtcggcc accaccgtcg ctcccttcca gggctcaagt 60

ccaccgccgg catgccgtcg cccgccgtcc gaactccagc ttcggcaacg tcagcatggc 120

ggcaggatca ggtgc 135

<210> 16
<211> 58
<212> PRT
<213> Pi sum sativum

<400> 16

Met Ala ser Met He Ser Ser Ser Ala Val Thr Thr Val ser Arg Ala15 10 15

Ser Thr Val Gin Ser Ala Ala Val Ala Pro Phe Gly Gly Leu Lys ser
20 25 30

Met Thr Gly Phe Pro Val Lys Lys Val Asn Thr Asp lie Thr Ser lie
35 40 45

Thr ser Asn Gly Gly Arg val Lys cys Met
50 55

<210> 17
<211> 58
<212> PRT
<213> Lactuca sativa

<400> 17

Met Ala ser lie Ser ser ser Ala lie Ala Thr Val Asn Arg Thr Thr15 10 15

Ser Thr Gin Ala Ser Leu Ala Ala Pro Phe Thr Gly Leu Lys Ser Asn
20 25 30

val Ala Phe Pro val Thr Lys Lys Ala Asn Asn Asp Phe ser ser Leu
35 40 45

Pro ser Asn Gly Gly Arg val Gin cys Met
50 55

<210> 18
<211> 58
<212> PRT
<213> Nicotiana tabacum

<400> 18
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Met Ala Ser ser val Leu ser ser Ala Ala Val Ala Thr Arg ser Asn15 10 15

val Ala Gin Ala Asn Met val Ala Pro Phe Thr Gly Leu Lys ser Ala
20 25 30

Ala ser Phe Pro Val Ser Arg Lys Gin Asn Leu Asp lie Thr Ser lie
35 40 45

Ala Ser Asn Gly Gly Arg val Gin cys Met
50 55

<210> 19
<211> 56
<212> PRT
<213> Arabidopsis thai i ana

<400> 19

Met Ala Ser Ser Met Leu Ser Ser Thr Ala Val Val Thr Ser Pro Ala15 10 15

Gin Ala Thr Met Val Ala Pro Phe Thr Gly Leu Lys ser Ser Ala Ser
20 25 30

Phe Pro Val Thr Arg Lys Ala Asn Asn Asp lie Thr Ser lie Thr Ser
35 40 45

Asn Gly Gly Arg val ser cys Met
50 55

<210> 20
<211> 58
<212> PRT
<213> spinacia oleracea

<400> 20

Met Ala ser Ser Val Leu ser ser Ala Ala val Ala Thr val ser Arg15 10 15

Thr Pro Ala Gin Ala ser Met Val Ala Pro Phe Thr Gly Leu Lys ser
20 25 30

Thr Val Gly Phe Pro Ala Thr Lys Lys Asn Asp Asp lie Thr ser Leu
35 40 45

Ala Ser Asn Gly Gly Arg val Gin Cys Met
50 55

<210> 21
<211> 47
<212> PRT
<213> Triticum aestivum
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<400> 21

Met Ala Pro Ala Val Met Ala Ser ser Ala Thr Thr Val Ala Pro Phe15 10 15

Gin Gly Leu Lys Ser Thr Ala Gly Leu Pro Val ser Arg Arg ser Arg
20 25 30

Gly ser Leu Gly Ser val ser Asn Gly Gly Arg lie Arg cys Met
35 40 "45

<210> 22
<211> 48
<212> PRT
<213> Oryza sativa

<400> 22

Met Ala Pro Thr Val Met Ala Ser ser Ala Thr ser val Ala Pro phe15 10 15

Gin Gly Leu Lys Ser Thr Ala Gly Leu Pro val Ser Arg Arg ser Thr
20 25 30

Asn Ser Gly Phe Gly Asn val Ser Asn Gly Gly Arg He Lys Cys Met
35 40 " 45

<210> 23
<211> 1512
<212> DNA
<213> Canine oral papillomavirus

<400> 23
atggcggttt ggcttcctgc acagaataaa ttttaccttc caccacagcc cagcaccaag 60

gtcttaagca cggatgaata tgtctccaga acaaatattt tttatcatgc tagcagtgaa 120

cgtcttctta ctgtggggca ccctttttat gaaatttata aagaagaacg ttctgaagag 180

gttatagttc ctaaagtatc tcctaatcag taccgggtat tccgcttgct acttccagac 240

cctaacaatt ttgcatttgg agataagtca ttatttgatc ctgaaaaaga aagacttgtt 300

tggggcttaa gaggattaga aataggtagg gggcaaccat taggtataag tgttacgggt 360

catccaacat ttgacagata caatgatgta gaaaacccaa acaaaaatct tgctggacat 420

ggaggtggaa cagacagcag ggttaacatg ggtttagacc ctaaacaaac tcagatgttt 480

atgatagggt gcaaaccagc tttaggtgaa cactggtctt taactagatg gtgcacagga 540

caggtacaca ctgcaggaca atgtccacca atagaactga gaaacacaac aatagaagat 600

ggagatatgg tagatatagg gtttggtgca atggatttta aggctttgca gcattataag 660

tcaggagttc caattgacat agtaaattct gcatgcaaat atccagacta cctcaaaatg 720

gcaaatgagc cttatggaga tagatgtttt ttttttgtaa gaagagagca actgtatgcc 780

agacatatta tgtccagatc tggcacacaa ggtttagaac cagtccccaa agatacctat 840

gcaacaagag aagacaataa cataggaaca actaattact
Page 7
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l. Lyy L L LL Lei gcgagygaca actgtttaac aggecttact ggatccagcg c LcycayyyL.

ddydd LddLy ggaLLgcacg gggcaatcag ctgtttttaa cagtagtgga LddLaLdLLjd

yyd.acT.cccT. TaaCTd Lddd catagggcaa caagacaagc cagaagaagg ddd L Ld Ly L L i nan

CCXiCalCal, dcagadCCLd cctcagacat gttgaagaat atgaagtaag cdLdd Lcycy

ranrtntriraca.ycT.yx.ycd. -3 raiTt"-t"rs T3 /*i /~•t-'aay T. Lday ct. gtcccctgaa aatctagcaa taattcatac LdLyydLCCL

dd LdLLdLLy dyyd L LyyLa cctaaatgtc actcctccat ctggtacttt dyd LyaLaLd,

lq Lay y Lata taaartrtrtLaddL LL LL

L

tgctactaag tgccctacta atatacctcc aaaaat LdaL

gttgatcctt ttgeagaett taaattttgg gaagtagatc ttaaagataa aatgactgaa 1380

cagttagacc aaactccact gggtcgcaaa tttttattcc agacaaatgt gttaegtect 1440

agatctgtaa aagtacgttc tacctcgcac gtttctgtca aacgaaaagc tgtgaaacgc 1500

aaacgcaaat aa 1512

Page 8



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
11 January 2007 (11.01.2007)

PCT (10) International Publication Number

WO 2007/005882 A3
(51) International Patent Classification:

C12N 15/82 (2006.01) AO1H 5/00 (2006.01)

(21) International Application Number:
PCT/US2006/026061

(22) International Filing Date:

(25) Filing Language:

(26) Publication Language:

3 July 2006 (03.07.2006)

English

English

(30) Priority Data:

60/696,773 5 July 2005 (05.07.2005) US

(71) Applicant (for all designated States except US): NORTH
CAROLINA STATE UNIVERSITY [US/US]; 2401 Re
search Drive, Ncsu, Raleigh, North Carolina 27695 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WEISSINGER,
Arthur [US/US]; 4113 Grand Manor Court, Apartment

308, Raleigh, NC 27612 (US). AZHAKANANDAM,
Kasi [IN/US]; 5022 Fort Sumter Road, Apartment #21A,

Raleigh, NC 27606 (US). QU, Rongda [US/US]; 103

Hounslow Court, Cary, NC 27511 (US). NICHOLSON
LEVIN, Jennifer [US/US]; 5119 Simmons Branch Trail,

Raleigh, NC 27606 (US). WEISSINGER, Sandra, M.
[US/US]; 4113 Grand Manor Court, Apartment 308,

Raleigh, NC 27612 (US).

(74) Agent: MERCHANT, Mary, Anthony; Troutman

Sanders LLP, Bank of America Plaza, 600 Peachtree

Street, N.E., Suite 5200, Atlanta, GA 30308-2216 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, UN, HR, HU, ID, IL, IN, IS, JP,

KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,

LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,

SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,

UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to applyfor and be granted a

patent (Rule 4.17(H))

— as to the applicant's entitlement to claim the priority of the

earlier application (Rule 4. 17(Hi))

Published:
— with international search report

— before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments

— with sequence listing part of description published sepa-

rately in electronic form and available upon requestfrom
the International Bureau

(88) Date of publication of the international search report:

6 December 2007

For two-letter codes and other abbreviations, refer to the "Guid-

ance Notes on Codes andAbbreviations" appearing at the begin-

ning of each regular issue of the PCT Gazette.

(54) Title: METHODS AND COMPOSITIONS FOR EXPRESSING PROTEINS IN PLANTS

^= (57) Abstract: Methods and compositions comprising an expression construct and a suppressor ofposttranscriptional gene silencing

construct are described. The expression construct and suppressor construct may comprise a viral amplicon. The expression construct

^4 may comprise fusing the target gene to the 3' and/or 5' end of a gene encoding a transit peptide sequence or a signaling peptide

sequences. The transit or signal peptide sequence directs the target gene product to a subcellular location. Methods comprise the

production of several heterologous proteins in a single plant. The invention comprises methods for plant production and protein

QO harvest that will yield useful amounts of the desired protein(s) in as little as one to two weeks after the initiation of the production

cycle. Methods for the inoculation of recipient plants by spraying with recombinant Agrobacterium suspensions containing the

constructs of interest are taught.

o



INTERNATIONAL SEARCH REPORT International application No.

PCT/US06/26061

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8): C12N 15/82( 2006.01);A01H 5/00( 2006.01)

USPC: 800/288,294,278,298;435/468,419

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 800/288,294,278,298;435/468,419

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Please See Continuation Sheet

DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y Mallory et al. The amplicon-plus system for high-level expression of transgenes in plants. 1-77

Nature Biotechnology. June 2002, Vol. 20, pages 622-625.

X Giddings, G. Transgenic plants as protein factories. Current Opinion in Biotechnology (2001) 21-38, 67, 69-72

Vol. 12, pages 450-454.

Y 1-20,38-66, 68, and

73-77

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered to be of

particular relevance

"E" earlier application or patent published on or after the international filing date

**L" document which may throw doubts on priority claim(s) or which is cited to

establish the publication date of another citation or other special reason (as

specified)

"O" document referring to an oral disclosure, use, exhibition or other means

"P" document published prior to the international filing date but later than the

priority date claimed

later document published after the international filing date or priority

date and not in conflict with the application but cited to understand the

principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step

when the document is taken alone

document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is

combined with one or more other such documents, such combination

being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

16 September 2007 (16.09.2007)

D^cgn^i^gpf t^jQ^national search report

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (571 ) 273-3201

Authorized officer /I A / \

Cathy K. Wcfrley

Telephone No. (5^272-0500 ^C/D ^

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No.

PCT/US06/26061

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item l.b of the first sheet)

1 . With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed

invention, the international search was carried out on the basis of:

a. type of material

a sequence listing

| |
table(s) related to the sequence listing

b. format of material

on paper

in electronic form

c. time of filing/furnishing

contained in the international application as filed

filed together with the international application in electronic form

1 | furnished subsequently to this Authority for the purposes of search

In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the

application as filed or does not go beyond the application as filed, as appropriate, were furnished.

Additional comments:

Form PCT/ISA/210 (continuation of first sheet(l)) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No.

PCT/US06/26061

Continuation of B. FIELDS SEARCHED Item 3:

STN Search of Agricola, Biosis, and Caplus databases; and WEST Search; key words: HC-Pro, PTGS, silencing, transgenic, transgene,

heterologous, ectopic, overexpress, overexpression, potato virus x amplicon, tev-b.

STIC Sequence search for SEQ ID NO:2.

Form PCT/ISA/210 (extra sheet) (April 2005)


